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European pine sawfly larvae at work
Major Destructive Insects
Defoliators
The European pine sawfly was more abundant than in any year since 1960.
Although the total acreage infested is not known, heavy defoliation occurred over
the entire range of this species in Illinois. The lack of any evidence of latent
virus infection in a number of populations sampled suggests that an even more ser-
ious situation is possible in 1970.
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Organized observation and reporting of destructive forest insects in Illi-
nois was continued in 1969 for the ninth consecutive year. This report summarizes
information supplied by field cooperators on the status of the forest insects en-
countered by field cooperators in the state.
European pine sawfly larvae at work
Major Destructive Insects
Defoliators
The European pine soufly was more abundant than in any year since 1960.
Although the total acreage infested is not known, heavy defoliation occurred over
the entire range of this species in Illinois. The lack of any evidence of latent
virus infection in a number of populations sampled suggests that an even more ser-
ious situation is possible in 1970.
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The loblolly pine sawfly was not reported. This insect has been present in
small numbers for several years in southern Illinois.
The Virginia pine sawfly was reported from two plantations in central Illi-
nois. In one plantation where this species has been present for a number of years,
the larvae were virus-infested. Little incidence of the virus disease, however, was
observed, suggesting that stress conditions did not favor the development of the di-
sease. Little population change is anticipated in 1970.
The white pine sawfly was reported from one plantation but was not detected
in several others where it has occurred in small numbers over the past ten years.
No change in the population status of this species is anticipated in 1970. It should
oe emphasized, however, that increased planting of white pine for Christmas tree
production may contribute to a greater prevalence of this insect in theyears ahead.
Should oubreaks occur, the two possible generations a year in Illinois could result
in heavy defoliation.
The red-headed pine sawfly was reported from as far south as Marion County
to the Wisconsin border. Infestations were controlled by spot spraying with mala-
thion or sevin. Although this sawfly will probably continue to be widespread but
at low population levels in 1970, it should be kept under close scrutiny because of
its two-generation-a-year reproductive cycle and its ability to cause extensive de-
foliation. Certainly infestations that might follow the European pine sawfly could
be extremely damaging.
Bagworms were more frequently observed and reported on pines in 1969 than
in several earlier years. Of particular concern was bagworm damage of a nondefoli-
ating character, especially on white pine in Christmas tree plantations and highway
beautifi cation plantings. Heavy feeding of \/ery young bagworms on thin branch and
leader bark of white pine resulted in resin accumulation and branch dessication.
Such damage could easily result in branch flagging or in leader death. This type of
feeding injury when combined with later needle feeding, can result in severely re-
tarded trees or contribute to mortality of small trees. Growers are urged to spot
damaging populations early so that control measures can be taken before appreciable
damage occurs.
Terminal Feeders
European pine shoot moth and the Zimmerman pine moth continue to cause
great concern. In Illinois red pine is the preferred host of the European pine
shoot moth. Infestations of both of these insects were heavier in 1969 than in any
year since 1962. Both will be of even greater concern in 1970 unless natural resis-
tance factors materially reduce overwintering populations.
The pales weevil continued to plague Christmas tree producers. Unless cut
stumps are treated or natural control factors lower population levels, we can ex-
pect this weevil to be more prevalent each year. Population levels and damage will
bear a direct relationship to the number and size of stumps provided for breeding
sites. Two large growers in the state are known to have treated stumps following
the 1969 Christmas tree harvest.
The Nantucket pine tip moth maintained its usual rather widespread and high
population status In southern Illinois. One Christmas tree producer is considering
spraying in 1970 in an effort to reduce damage by this species.
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Forest Insects of Lesser Importance
Under certain circumstances insects that generally are considered to be of
relatively minor importance may assume roles of considerable importance. Occasion-
ally some of these insects simply experience ideal conditions for multiplication and
cause heavy localized damage. Furthermore, with more forest land being devoted to
private and public recreation, scenic beautifi cation, wooded estates, and wooded
subdivisions, many of these insects are becoming noticed. As human populations con-
tinue to increase the nontimber values of forests will also increase. With increased
use of forest land for nontimber purposes, many heretofore forest insect species
will become of greater concern. It is important, therefore, that surveillance of
these insects be intensified.
Ips spp. continued to cause a problem in older pine stands where mortality
is occurring and where Fomes annosus has been identified or suspected. Serious dam-
age and tree mortality can result in Christmas tree plantations that are close to
older stands with heavy Ips infestations. Ips and several other forest insect prob-
lems can be minimized by establishing Christmas tree plantations and nurseries so
that they are isolated from older coniferous stands and ornamentals.
The pine tortoise scale was encountered in one Scotch pine plantation in
northern Illinois. This is the first record of this insect in a Christmas tree
plantation in the state.
Vine needle scale infestations continued to cause some concern, especially
in young white pine stands. Christmas tree growers are advised to destroy heavily
infested single trees or to spot-spray pockets of scale-infested trees. This in-
sect may seriously affect the merchantability of Christmas trees before major phy-
siological damage is evident.
The forest tent caterpillar , although present in southern Illinois for sev-
eral years, was not reported outside the area kept under surveillance by the U. S.
Forest Service. Some 9,000 acres were reported infested in 1969 on the Shawnee Na-
tional Forest.
Walnut caterpillars were reported frequently in 1969. Field observations,
however, indicated that this species, as well as catalpa worms, eastern tent cater-
pillars, fall web worms, and several other hardwood defoliators were present in
their usual numbers.
The sycamore tussock moth was observed at one isolated location in outbreak
numbers. An acre of 25-year-old sycamore was completely defoliated by mid-
September. An adjacent plantation of European larch was extensively defoliated.
Red oak, black cherry, and multi flora rose in the understory of the sycamore stand
were also heavily attacked.
The larch sawfly , first reported in Illinois in 1964, continues to be en-
countered in scattered plantations in northern Illinois. Larch is not produced by
the state nurseries or extensively planted for timber purposes in Illinois. In view
of this, the larch sawfly is largely of academic interest at the present time.
The larch casebearer, for the first time on record in Illinois, caused heavy
defoliation on 19-year-old European larch. The present relatively minor importance
of both the larch casebearer and larch sawfly could change in the future.
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The -pine tube moth has been present in the state, especially in northern
Illinois, for many years. In 1969 heavy infestation was observed in a white pine
plantation in central Illinois. A similar heavy infestation in a Christmas tree
plantation would be cause for concern because it could affect the salability of
trees. Although the pine tube moth is not expected to assume major importance,
growers should become familiar with it. Extensive planting of pure white pine
stands for Christmas trees could contribute to an increase in the prevalence of
this insect.
Persimmon and other twig girdlers , ordinarily a concern only when trees in
landscape or recreational settings are attacked, were reported somewhat more fre-
quently than in the past. Cooperators are encouraged to check seedling and sap-
ling hardwood reproduction for the presence and activity of twig girdling and
branch pruning forest insects, as they are in part responsible for some of the
poorly formed trees that occur in older timber stands.
The cypress needle gall as well as numerous other gall -producing insects
were apparently highly favored by conditions in 1969.
Inner bark and wood-boring insects attacking hardwoods are rarely reported.
Often these insects are not seen, and if damage to trees, logs, or lumber is found,
the damage may not be associated with the insect species responsible. It should be
recognized that insects in this category cause a vast amount of damage and degrade
annually in grazed, burned, and generally mismanaged or overmature hardwood forests
of Illinois and other central states. Reducing damage by many of the insects in
this category can only come about over time by correcting forest practices and
thereby gradually converting over-age decadent stands into young and vigorously
growing well -managed forests.
RGR:dh
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RECOMMENDED SPRAY FORMULATIONS FOR INSECT
OUTBREAKS IN ILLINOIS CHRISTMAS TREE PLANTATIONS
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Spray formulation
Insect Amount/100 gals, water Amount/gal. water Recommendations
Sawflies
4 lbs. 25% ma lath ion
wettable powder
2 lbs. Carbaryl (sevin)
50% wettable powder
4 tablespoonfuls
2 tablespoonfuls
Apply as soon as possible
after eggs hatch; usually
from early April to the
first of May in Illinois.
Bagworms
1 qt. 50% malathion
emulsifiable concentrate
or
4 lbs. 25% malathion
wettable powder
or
2 lbs. carbaryl (sevin)
50% wettable powder
2 teaspoonfuls
4 tablespoonfuls
2 tablespoonfuls
Apply at time of egg hatch-
ing—mid-April to mid-May
depending upon latitude
and local weather condi-
tions. Delayed applica-
tion delays effective-
ness.
European
pine shoot
moth*
1 qt. dimethoate 2E
emulsion
or
1/2 gal. (BHC), benzene
hexachloride (emulsifi-
able concentrate con-
taining 2 lbs. chemical
per gallon)
2 teaspoonfuls
2 teaspoonfuls
Timing of application is
extremely important. Ap-
ply in mid-April or late
June to coincide with the
external or exposed feed-
ing of larvae.
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Insect
Spray formulation
Amount/100 gals, water Amount/gal, water Recommendations
Pales
weevil
16 tablespoonfuls
of 48% aldrin
Apply to the point of run-
off on surface, sides, and
root collar of stumps fol-
lowing Christmas tree har-
vest. In addition, treat
soil 4 inches around each
stump.
Zimmerman
pine moth*
Use same spray formulations as for the
European pine shoot moth.
Spray in mid-April or in
early August. Thorough
coverage including branch
and trunk surfaces is ex-
tremely important.
Nantucket
pine moth*
Use same spray formulations as for the
European pine shoot moth.
Apply in mid-April and mid-
June. Additional spray
applications may be nec-
essary with heavy infesta-
tions.
Grass-
hoppers
2 lbs. carbaryl (sevin)
50% wettable powder
or
1 qt. 50% malathion
emulsifiable concen-
trate
2 tablespoonfuls Spray when grasshoppers arc
first observed. Spray trees
and grass or weeds adja-
cent to and within planted
areas.
Aphids
and scale
insects
1 qt. 50% malathion
emulsifiable
concentrate
2 teaspoonfuls
Spray aphids when first ob-
served and scale insects
when in the crawler stage.
Spider
mites
2 lbs. 15% Aramite
wettable powder 1 teaspoonful
Treatment is effective for
several weeks. Thorough
coverage of needles, buds,
and branches is essential.
*Please note that the insecticides recommended for the European pine shoot moth,
Zimmerman pine moth, and the Nantucket pine moth have undergone limited testing.
It is believed that they will be reasonably effective, although further testing is
needed to establish the percentage of control that may reasonably be expected.
Caution : All chemical insecticides are poisonous. You are warned to avoid inhaling
dust or spray materials. Carefully read container labels and absolutely
follow all safety instructions. Use according to directions and store
out of the reach of children.
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PITCH PINE X LOBLOLLY HYBRID PINES- -MIXED RESULTS
FROM 7 -YEAR-OLD MID1VESTERN PLANTATIONS
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The superiority of pitch pine x loblolly
pine {Pinus rigida Mill, x Pinus taeda
L.) hybrid over either parent has been
clearly demonstrated in Korea. There
the hybrid has the fast growth and good
quality of loblolly pine and the cold
hardiness and high adaptability of pitch
pine.- In 1962 a study was begun to
compare the performance of pitch pine,
loblolly pine, and the pitch x loblolly
hybrid (hereafter referred to as the
"hybrid") in several midwestern states.
Loblolly pine is
cies, but it is
western states a
ness of pitch pi
on the Coastal
Delaware south
west to Texas,
native to the mi
curs primarily i
from northern Ge
a desirable timber spe-
not native to the mid-
nd lacks the cold hardi-
ne. It grows primarily
Plain and Piedmont from
to central Florida and
Neither is pitch pine
dwestern states. It oc-
n the Appalachian area--
orgia to central Maine.
The hybrid seed used in this study came
from crosses made at College Forest,
Suwon, Korea. Trees in a pitch pine
plantation (of unknown source) in Korea
were used as the female parents. The
pollen came from loblolly pine trees in
the United States, also of unknown ori-
gin.
The pitch pine seed for this study came
from open pollinated trees in the same
Korean pitch pine plantation that pro-
duced the hybrids. The loblolly pine
seed came from Arkansas. Seedlings were
grown at the Union State Tree Nursery
and the 1-0 stock was lifted and out-
planted in the spring of 1962.
All conclusions and implications of re-
sults from this study are limited by the
minimal knowledge on the parentage of
the seedlings. No attempt is made to
call the seedlings representative of the
parent populations.
Plantings were made in nine abandoned
fields in four states in the spring of
1962 (Table 1). Brush was removed from
all sites before planting. In Iowa, the
areas were plowed, disced, and sprayed
with 4 lbs. (actual ingredient) of sima-
zine per acre before planting. All
plantings except those in Ogle and Piatt
Counties, Illinois were on a S to W as-
pect on a to 13 percent slope. The
trees were spaced 7x7 feet. There
were 3 replications of 49-tree plots at
each site. Only the 25 trees in the
middle part of each plot were measured.
: Plant Geneticist, U.S. Forest Service, North Central Forest Experiment Station,
Carbondale, Illinois (Field Office maintained in cooperation with Southern Illinois
University); and Professor of Forestry, University of Illinois.
• Hyun
,
S. K.
Teil 2, Band
1962.
2 'pp.
Improvement of pines through hybridization. IUFRO Proc. 13,
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RESULTS
After 7 years under a variety of climat-
ic conditions, it appears that the hy-
brid is as hardy as pitch pine. The
survival of the hybrid and pitch pine
was generally good to excellent in all
outplantings except in Ogle County,
Illinois. There survival was 21 percent
for the hybrid and 37 percent for pitch
pine. Most mortality occurred during
the first 2 years. At about the same
latitude in Johnson County, Iowa, both
the hybrid and pitch pine had excellent
survival --91 and 85 percent, respective-
ly. The Johnson County, Iowa site had
weed control the first year and growth
is much better than the Ogle County,
Illinois site.
Survival of loblolly pine was good for
all plantings south of the 39th parallel
and generally poor for all plantings
north of the 39th parallel. The one ex-
ception was Lee County, Iowa (survival
76 percent), where weeds were controlled
for one year.
In the plantings south of the 39th par-
allel, loblolly pine was tallest fol-
lowed by the hybrid and then pitch pine
(Fig. 1). In the plantings north of the
39th parallel, the hybrid was as tall or
taller than loblolly and pitch, with the
exception of Piatt County, Illinois,
where loblolly pine was tallest. Growth
of loblolly pine and the hybrid general-
ly decreased from south to north. The
height and diameter of pitch pine did
not appear to vary with latitude.
The hybrid is generally a stockier tree
than loblolly or pitch pine. In all
plantings except the one in Pope County,
Illinois, the height/diameter ratio is
greater for loblolly than for the hy-
brid. In six of the plantings, the
height/diameter ratio is greater for
pitch than for the hybrid.
In the southe
County, Illinois
brid trees were
None of the lob
damaged. Damag
holes to almost
2) . All damage a
during the 7th y
damage becomes
tions, the "val
be very low. A
watched for this
future.
rnmost planting, Pope
, 85 percent of the hy-
riddled by sapsuckers.
lolly or pitch pine was
e ranged from only a few
complete girdling (Fig.
ppeared to have occurred
ear. If this type of
typical in all planta-
ue" of the hybrid might
11 plantations should be
type of damage in the
CONCLUSION
This experiment suggests that loblolly
pine from Arkansas is hardy enough to be
planted as far north as the 39th paral-
lel in the midwestern United States; yet
some low temperature damage should be
expected during periods of unseasonably
low temperatures in the northern fringes
of these areas. Loblolly pine outgrew
the hybrid and pitch pine in height
south of the 39th parallel; conversely,
the hybrid generally outgrew loblolly
and pitch north of the 39th parallel.
The hybrid was as hardy as pitch pine
north of the 39th parallel and was
slightly stockier (lower height/diameter
ratio) than loblolly pine. In general,
the form of the hybrid was excellent.
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Fig. 1. In plantings south of the 39th parallel, loblolly pine (A)
was tallest, followed by the hybrid (B) and pitch pine (C)
Fig. 2. Hybrid pine tree in Pope County,
Illinois, severely riddled by sap-
suckers .
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BREAKING DORMANCY OF OAK SEEDLINGS
R. L. Tortorelli and IV. R. Boggess 1
ABSTRACT. --Pure glycerol applied to leaf scars was superior to a gibberellic
acid spray (GA) in breaking dormancy of Querous rubra L. and Q. maorocarpa
seedlings. GA produced abnormal height growth and spindly leaves as con-
trasted with normal leaves from the glycerol treatment.
Additional key words. Querous rubra, Querous maorocarpa, dormancy
Dormancy frequently becomes a problem in
research involving oak seedlings, as
well as other species. Even under long
day conditions, provided by supplemental
lighting, oaks set permanent terminal
buds during the fall (Downs, 1966). A
quick method of breaking dormancy is
highly desirable so that the long pre-
treatment with low temperatures can be
eliminated. Two methods were used with
seedlings of red oak {Querous rubra L.)
and bur oak (Q. maorooarpa Michx.) dur-
ing January, 1968. Eight seedlings of
each species were treated with (1) pure
glycerol applied to the leaf scars with
a camel hair brush as described by
Schoenweiss (1963); and (2) a gibberel-
lic acid (GA) spray of 2,500 ppm (as
recommended by Dr. J. B. Gartner, Pro-
fessor of Ornamental Horticulture, Uni-
versity of Illinois). Gibberellin A 3 ,
GA was used as suggested by Bukovac and
Wittwer (1961).
Both treatments were successful , as 7
out of 8 seedlings for each species
broke dormancy in 10 to 14 days. How-
ever, the end results were quite differ-
ent (Fig. 1). GA caused the terminal
bud to break with abnormal elongated
shoots and spindly leaves. In comparison
glycerol caused the lateral buds to
break and normal leaves were produced.
Thus Schoenweiss 1 glycerol treatment ap-
pears superior to applications of GA.
LITERATURE CITED
Bukovac, M. J. and S. H. Wittwer. 1961.
Biological evaluation of gibberellins
Ai > A2s A 3 , and A^ and some of their
derivatives, pp. 505-520. In: R. M.
Klein (ed.). Plant Growth Regulation.
Iowa State Univ. Press, Ames.
Downs, R. J. 1962. Photocontrol of
growth and dormancy in woody plants,
pp. 133-148. In: T. T. Kozlowski
(ed.). Tree Growth. Ronald Press,
New York.
Schoenweiss, D. F. 1963. Methods for
breaking dormancy of oak seedlings in
the greenhouse. Am. Soc. Hort. Sci.
83:819-824.
l
Research Assistant and Head, Department of Forestry, University of Illinois. Senior
author is currently 2nd Lieutenant, U.S. Corps of Engineers, Tulsa, Oklahoma.
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FIGURE 1. Results of two dormancy breaking treat-
ments. The red oak on the left shows abnormal
growth when treated with 2,500 p. p.m. gibberel-
lic acid spray. The red oak on the right shows
normal growth when treated with pure glycerol.
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FORESTRY SCHOOL TRAINING - THE EMPLOYER'S VIEW
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Recently, educators have written several
articles in professional journals ex-
pressing their opinions about the train-
ing needs of forestry students and the
ways forestry school curricula should be
changed. But, there is a need for fac-
tual data based on the observations of
persons in the field as a guide to what
some of the shortcomings (or merits) of
our forestry training may be. This ar-
ticle reports the results of a study
designed to give information from the
employer's point of view on the quality
of college training foresters receive in
preparation for their careers.
Two recent studies have been made to
determine what the employers of forest-
ers think about the subjects being
taught in forestry schools today. Bond
and Mawson (1968) asked professional
foresters and forestry students eight
questions about what courses should be
in forestry school curricula. The for-
esters indicated a need for courses
emphasizing the business aspects of for-
estry and for courses enabling them to
better understand the opinions and needs
of the general public. An assessment of
forest technician curricula was made by
Blenis (1969) to learn the relative
value of the various subjects taught at
technical forestry schools.
METHODS
Table 1) was necessary in their organi-
zation or region of the country. If
they thought the skill or knowledge was
necessary, we asked them to then con-
sider the majority of new graduate for-
esters in their organization, not the
specialists or the exceptional individ-
uals, and to rate the quality of college
training these young men had apparently
received in each of the 19 subjects by
using the answers below.
1.
Possible Answers
Unnecessary - knowledge of this area
(subject matter or skill) is not
needed in your organization or part
of the country.
2.
3.
Definitely Weak - he
edge in this area.
has no knowl-
4.
5.
Apparently Weak - he has some knowl-
edge of the principles but cannot
undertake projects in this area
without considerable additional
training.
Apparently Strong - he needs only a
brief review to be able to work a-
lone in this area.
Definitely Strong - he has an excel-
lent background in this area--can
start on his own without any review.
In our study, we asked the employers if The 19 subjects were divided into three
a knowledge of 19 subjects (listed in groupings of college training a forester
forester, University of Illinois and Professor of Forest Genetics, Colorado State
University.
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TABLE 1. Quality of College Training as Rated by Employers
Answers from Respondents 1
Subject Total Training Quality
Number
PRACTICAL SKILLS
Score : Ranking 1
Use and care of tools 6 26 47 48 3 130 3.23 8
Horsemanship 89 30 10 1 -- 130 2.29 19
Mapping -- 2 23 98 7 130 3.85 2
Timber cruising
(fixed plots) 2 1 37 77 13 130 3.80 3
Timber cruising
(variable plots) 5 6 52 59 8 130 3.55 5
Log scaling 9 20 67 30 4 130 3.15 11
ADMINISTRATIVE KNOWLEDGE
Letter writing _ _ 23 59 40 8 130 3.25 7
Job planning 2 21 71 34 2 130 3.13 13
Report writing 1 18 58 47 6 130 3.32 6
Public speaking 1 25 68 32 4 130 3.12 14
Supervisory ability 1 17 72 37 3 130 3.20 10
Ability to get along
with people 5 3 21 88 13 130 3.89 1
Finance and business
administration 4 38 66 22 -- 130 2.87 18
PROFESSIONAL TRAINING
Silvicul tural systems
in your area
Forest policy
Range management
Recreation planning
Wildlife management
Watershed management
-- 4 50 67 9 130 3.62 4
2 20 62 43 3 130 3.23 9
62 21 36 10 1 130 2.87 17
17 31 57 24 1 130 2.96 16
21 17 62 29 1 130 3.13 12
14 27 61 26 2 130 3.03 15
l See text for explanation of numbers.
2Computed by multiplying answer number (2, 3, 4, or 5) by number choosing the
answer and dividing the sum of these four products by total number of respondents
selecting these 4 answers.
3A numerical ranking of the training quality score. One indicates the subject
with the highest score, 19 indicates the lowest.
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might need in his career - practical
skills, administrative knowledge, and
professional training. These subjects,
along with questions about the respond-
ent's present position and background,
were listed on a questionnaire. The
questionnaire was mailed in 1965 to 200
foresters selected at random from the
membership directory of the Society of
American Foresters. This sample gave a
wide range of organizations, administra-
tive levels, and backgrounds of employ-
ers within the forestry profession. The
questionnaire also included a section
concerned with administrative problems
in forestry (Young and Fechner, 1969)
and consequently was mailed only to for-
esters in administrative positions. This
eliminated from the sample forestry
school faculty, private consultants, re-
search foresters, and students.
Using a Chi-square test of independence
it was possible to identify significant
relationships between the backgrounds of
the foresters answering the question-
naire and the way they rated the quality
of college training of their new employ-
ees.
A training quality score (Table 1, col.
7) was computed to give a quantitative
ranking for each of the subjects. It
was calculated by multiplying each pos-
sible answer number (2, 3, 4, or 5; 1 -
unnecessary was not included since it
did not rate the quality of training) by
the number of respondents choosing that
answer. We then divided the sum of these
four products by the total number of re-
spondents selecting the four answers. A
high training quality score would indi-
cate better-than-average college train-
ing in a given area, and a low score
would conversely indicate poorer-than-
average training. This study did not
attempt to identify the causes of weak
(or strong) college preparation, but
only to determine the necessity and the
quality of training of various subjects.
RESULTS
Of the 200 foresters to whom question-
naires were sent, 130 completed the sec-
tion on college training. This return
of 65 percent resulted in a sample which
was composed of approximately 23 percent
foresters in private industry, 22 per-
cent in state employ, and 55 percent
working for federal agencies. Their
ratings of the quality of college train-
ing are shown in Table 1.
Twenty-nine significant relationships
(95 percent level of probability) were
found to exist between the backgrounds
of the respondents and their opinions of
the quality of training (Table 2), as
indicated by the Chi-square test. The
subjects are listed by the number of
employers who considered them to be un-
necessary (answer 1) in Table 3.
PRACTICAL SKILLS
The group, practical skills, had the
highest average training quality score
of the three college training areas, in-
dicating that employers regard their new
foresters best trained in this overall
area of the areas studied.
Of the six practical skills in this
study the foresters questioned listed
mapping and timber cruising by both
fixed and variable plots as being areas
in which new foresters are well trained;
these three practical skills ranked a-
mong the top five in the training quali-
ty score list (Table 1).
Sixty-eight percent of the respondents
said that horsemanship was unnecessary
in their organization or part of the
country (Table 2). A significantly
higher proportion of these than expected
were employed by private or state organ-
izations in the northeastern or south-
eastern regions of the country. Of the
41 who thought this skill to be neces-
sary, 73 percent said the new foresters
were definitely weak in their college
training in this area.
ADMINISTRATIVE KNOWLEDGE
With an average training quality score
of 3.25, administrative knowledge is the
median group of the three general areas.

-4-
TABLE 2. Relationships Between Backgrounds of Respondents and Their Opinions
of the Quality of Training of Their New Employees by Subjects 1
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PRACTICAL SKILLS
Use and care of tools
Horsemanship
Mapping
Timber cruising
(fixed plots)
Timber cruising
(variable plots)
Log scaling
ADMINISTRATIVE KNOWLEDGE
Letter writing
Job planning
Report writing
Public speaking
Supervisory ability
Abil ity to get along
with people
Finance and business
administration
**
PROFESSIONAL TRAINING
Si Ivi cultural systems
in your area - -
Forest policy - -
Range management •* -
Recreation planning **
Wildlife management **
Watershed management ** -
** **
**
•• ** *•
**
*•
**
** *•
*•
••
*As indicated by a Chi -square test.
* = Significant at the 95 percent level of probability.
** = Significant at the 99 percent level.
- = Not significant at the 95 percent level.
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TABLE 3. Subjects Considered to be "Unnecessary" 1 by Respondents
Respondents
Sel ecting Answer
"Unnecessary 1 1 Subjects
Number Percent
89 68 Horsemanship
62 47 Range management
21 16 Wildlife management
17 13 Recreation planning
14 11 Watershed management
9 7 Log scaling
6 5 Use and care of tools
5 4 Timber cruising (variable plots)
5 4 Ability to get along with people
4 3 Finance and business administration
2 2 Timber crusising (fixed plots)
2 2 Forest policy
2 2 Job planning
1 1 Report writing
1 1 Public speaking
1 1 Supervisory ability
Mapping
Silvicultural systems in /our area
Letter writing
knowledge of this area was not needed in respondent's organiza-
tion or part of the country.
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All seven subjects in this group were
considered necessary by most of the re-
spondents (96 percent or more). The
lowest training quality scores of this
group were in finance and business ad-
ministration, public speaking, and job
planning, indicating a lower level of
college training. The ability to get
along with people, report writing, and
letter writing were thought to be areas
where new foresters are well prepared.
The ability to get along with people re-
ceived the highest training quality
score of the 19 subjects.
More employers than expected, who be-
lieved the new foresters to be definite-
ly strong (answer 5) in the ability to
get along with people were in the groups
who earned $5,000-7,000 a year, had been
in the forestry profession and their
present organization less than five
years and were under 30 years old (Table
2).
The Chi -square test s
to be highly signific
of years in the fore
the age of the res
The respondents under
over-represented in
the new foresters to
letter writing. The
representation of tho
age who think the
definitely weak in le
hows letter writing
ant with the number
stry profession and
pondents (Table 2)
.
31 years old are
those who believe
be well trained in
re is also an over-
se over 50 years of
new foresters are
tter writing.
This trend continues in other areas of
the administrative knowledge group. The
younger men in the organization with
lower salaries report the new foresters
are well trained in letter writing, re-
port writing, and the ability to get
along with people, while the older men
who probably are in positions of admini-
strative responsibility said the new
foresters are weak in their college
preparation for these administrative
skills.
PROFESSIONAL TRAINING
The respondents scored the professional
training group the lowest in terms of
quality of col legex training. Four of
the six subjects in this group were con-
sidered unnecessary by a considerable
number of the employers (Table 1). In
recreation management, wildlife manage-
ment, and watershed management there is
an over-representation of those who
answered unnecessary in private organi-
zations and an under-representation in
federal organizations. Range management
was under-represented in this answer by
both private and state organizations.
Fewer than expected of the respondents
from the Far West and the Rocky Mountain
West chose answer 1 (unnecessary) for
range management and none from these two
regions of the country believed water-
shed management to be unnecessary. The
Chi -square test showed watershed manage-
ment also to be significantly related to
years in the forestry profession, years
in the present organization, and years
in present position (Table 2), where the
men who have been in the profession or
with their present organization less
than ten years or in their present posi-
tion less than five years are under-
represented in the unnecessary or defi-
nitely weak categories and over-repre-
sented in the groups who think the
training to be good.
Silvicultural systems was the only area
of the professional skills in which the
respondents felt the college training
was good. While watershed management,
recreation and range management ranked
near the bottom of the quality training
score list (Table 1 )
.
CONCLUSION
This study lends factual support to the
recommendations of others (Bond and Maw-
son, 1968; Bruns, 1967). We have found
that training in finance and business
administration is considered necessary
by almost all employers pf forestry
school graduates. Hbwever, the majority
consider the quality of the present
training in this area to be weak. Job
planning and public speaking are two
other administrative skills in which the
respondents said the training was weak.
Shields and Nelson (1968) believe that
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if the need for training foresters in
administration is not met, nonforesters
will assume the administrative positions
in our profession.
The results of this study showed the
employers' responses to agree with Gar-
ratt (1968) about the need to improve
training in the components of the multi-
ple-use concept - wildlife, watershed,
recreation, and range management. This
is especially true for schools preparing
a large number of students for federal
employ in the western states.
The practical skills, which for the most
part are still considered a necessary
segment of a forester's training, were
thought to be well taught. The respond-
ents believe the necessity for admini-
strative knowledge is high. The need
for practical skills (except horseman-
ship) is intermediate, while the need
for professional training is low (col. 1
of Table 1). This suggests a general
edict from employers not to ignore ad-
ministration and practical skills.
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CHARACTERISTICS DIFFER BETWEEN SELF -REGISTERING AND
NONREGISTERING CAMPERS AT A CAMPGROUND IN SOUTHERN ILLINOIS
Robert A. Young, Forester
It is becoming a common practice for
campers to be met at the gates of their
favorite camping spot by a mechanical fee
collector. As user fees become more com-
mon and labor costs soar, the land mana-
ger often views the mechanical collector
as a solution to his problem. The camp-
ground attendant who previously sold
permits and registered the campers is
rapidly disappearing from the scene, and
they are now asked to self-register on
cards to be left at the campsite.
This system of se
has been far from perfec
Forest Service pay campg
ern Illinois (Lake Glen
area, Pope County), ove
the self-registration ca
plete. About half of thes
campers, staying for seve
pleted the card the firs
stay but not on any of
days. The remaining hal
pleted cards represented
not register at all .
lf-registration
t. In a U. S.
round in south-
dale Recreation
r 60 percent of
rds were incom-
e resulted when
ral days , com-
t day of their
the following
f of the incom-
campers who did
If this fairly large group of non-
registering campers differs in socioeco-
nomic characteristics, camping preferences,
or opinions, the information secured from
only those who registered would be mis-
leading in making management decisions.
Recreational land managers need to know
about the campers who do not register to
properly manage for the needs of all
users. Also, if this group differs sig-
nificantly from the campers who regis-
tered, any further '^studies or surveys of
the campers should include the nonregis-
trants to produce valid results.
The objectives of our study were to
identify this nonregistering group of
campers to see if they differed from the
campers who had registered at least once,
and to examine any bias in data from the
registered campers only.
Methods
Upon entering the study campground,
the campers are requested (by a sign) to
purchase a camping permit from a coin-
operated machine. The camper receives a
small card with the date printed on one
side and spaces for registration on the
other. After selecting a campsite, the
camper puts the card, with the date show-
ing, in a ticket holder at his pad. An
attendant checks the campground daily to
see if every occupied pad has a current
ticket showing. The campers are never
verbally requested to complete the reg-
istration on the ticket.
The Forestry Department of the
University of Illinois, in cooperation
with the Shawnee National Forest, U. S..
Forest Service, also made a daily check
of the campground. Every new camper was
asked his name and mailing address. This
resulted in a complete register of all
campers at the campground for the sea-
son. We were then able to identify the
campers who had not registered by com-
paring their blank card, kept by date
and camping pad, with our master list.
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At the end of the camping season, we
randomly selected 150 campers who had reg-
istered at least once and 100 campers who
had not. A questionnaire was mailed to
this sample asking questions about their
general background, social and economic
characteristics, present and past camping
experiences, and camping preferences.
The responses to these questions were
compared for campers who registered and
those who did not, using a Chi -square to
test differences between the two sets of
responses
.
Results
Response was good from non registrants
and registrants alike. Eighty-one percent
(133) of the registrants completed and
returned their survey, and 91 percent(91)
of the nonregistrants returned theirs.
The Chi -square test showed signifi-
cant differences in the way the two study
groups answered five questions in the sur-
vey. The nonregistrants and registrants
differed in (1 ) the number of children in
their families; (2) number of days spent
Number of children i
nonregistering campe
camping at the study campground in 1968,
also in 1967, and 1966; (3) what they
would like to see changed or improved at
the campground; (4) the age the husband
remembered his first camping experience;
and (5) the age the wife remembered her
first camping experience.
Number of Children
A significantly (5 percent level)
greater number of campers who did not
sign registration cards had no children.
Eighty-nine percent of campers with no
children were from the group that did
not register while, in the total re-
turns, the nonregistrants composed only
40 percent of the total (Fig. 1).
Fewer nonregistering campers than
expected in the Chi -square test had large
families. Only 15 percent of the families
with four children did not register as
compared to the 40 percent expected.
Families with one, two, or three child-
ren were represented by approximately
the same proportion of registrants and
nonregistrants as the total proportion
in the returns.
n camping families and percent of
rs selecting each answer.
2 3
Number of children in family
|
Percent of nonreg
Expected percent
istering camping families
of nonregistering campers
All campers
answering
question
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Al though there are significant re-
lationships between camper registration
and number of children in the family,
there is no overrepresentation in the
young married couples, the group that
would most likely be childless. Nor did
we find any statistically disproportion-
ate number in the other variables that
might be expected to infl uence motivation
to register, such as educational level,
occupation, family income, or most child-
hood recreational experiences.
Days Spent Camping
There was a statistically signifi-
cant (1 percent level) relationship be-
tween registration and the number of
days camped at the study campground
during the previous three years.
Among the campers who did not reg-
ister, a disproportionately large number
of them camped six or more days at Lake
Glendale in 1968, 1967, and 1966. In
1968, 67.2 percent of the campers in the
study who stayed six or more days did
not register. The nonregistrants only
composed 37.1 percent of the total study
campers for that year.
In 1966, 83.3 percent of the long
period campers did not register, while
this nonregistering group composed only
34.1 percent of the total campers in the
study.
This relationship between register-
ing and days camped at Lake Glendale was
not significant in the camping season the
study was made--1969. Nor was there any
statistically significant difference be-
tween the two groups of campers in the
total number of days spent camping at
all other campgrounds during any of the
last four years (1969-1966).
Changes or Improvements
There was a highly significant (1
percent level) relationship between camper
.
registration and what the campers would
like to see changed or improved at the
campground. A high percentage of the non-
registering campers suggested firewood
be provided (77 percent of those suggest-
ing this did not register), more conve-
niences such as a store, ice machine and
laundry (60 percent were nonregistrants),
and others--miscel laneous (63 percent
were nonregistrants) (Fig. 2).
Fewer of the nonregistering campers
than expected suggested better mainte-
nance (25 percent), electricity (29 per-
cent), more activities (31 percent), or no
change (32 percent). The nonregistrants
represented 41 percent of the total
campers who answered this question.
Age of First Camping Experience
Other significant relationships (5
percent levels) were between the age of
the first camping experience of both the
husband and wife and those who did not
register.
More wives among the group who did
not register remembered having their
first camping experience early in li fe-
at age 6 or younger and in the late
teens--ages 16-20 (Fig. 3). The husbands
of nonregistering camping families were
also overrepresented in the same two
age classes. Fewer wives and husbands
than expected were among those who said
they remembered their first camping ex-
perience from 7 to 10 or 11 to 15. Hus-
bands were also overrepresented in the
younger group.
Discussion
We have found the campers who did
not register at the study campground dif-
fer significantly in several character-
istics from campers who registered. They
tend to have fewer children; to have
camped several days at the study camp-
ground in previous years; to have differ-
ent ideas about what improvements are
-4-
Fig. 2. What campers would like to see changed or improved at campground
and percent of nonregistering campers selecting each answer.
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needed; and have had their first camping
experience either at an early age or
late in thei r teens .
We found no differences between the
two groups in: age of their children;
ages of the husband or wife; educational
levels; family income, size of town where
campers were raised; their membership in
conservation organizations; or frequency
of outdoor recreation experiences in
thei r chi ldhood.
The percentage of questionnaire re-
turns were slightly higher for campers
who did not register at the campground
indicating that this group is willing to
cooperate in completing forms with the
proper motivation.
The differences found
two groups indicate the da
in using registration lis
sampling to make administ
sions and socio-economic st
on the opinions of campers
nonregistration rate is as
our study. Information s
tained from a sample of th
does not register to reduce
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Cooperative observation and report-
ing of destructive forest insects was
continued in 1970 for the tenth conse-
cutive year. Although most destructive
species were kept in reasonable bounds
by the checks and balances of nature, a
few were more prevalent than in recent
years and emphasize the need for contin-
uing surveillance. This report summarizes
the information furnished by field co-
operators on the status of the forest
insects encountered.
Contrasting percentage of defoliation of lob-
lolly pine by the loblolly pine sawfly near
Effingham, Illinois.
Major Destructive Insects
Defoliators
The European -pine sawfly was again
abundant, although no more damaging than
in 1969. One plantation was reportedly
sprayed by air. Heavier populations
occurred in some plantations in north-
western Illinois than in previous years.
Reports indicate that this insect con-
tinues to spread into counties where it
has not previously been found. It should
be especially watched by Christmas tree
producers and calls for April and May
field surveillance.
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The loblolly pine scadfly was found
in seven widely scattered plantations in
the southern half of the state. This, in
contrast with no reports last year, sug-
gests that this species is on the in-
crease.
The Virginia pine sawfly continued
to be present in two known plantations
in central Illinois. The population level
in both remained low, suggesting that
natural control factors, including a
virus-caused disease, are keeping this
insect in check.
The white pine sawfly was not re-
reported and obviously is at a very low
population status. With increased plant-
ing of eastern white pine for Christmas
trees within the past few years, one
might have expected this sawfly to have
become more prevalent. The fact that
this has not occurred raises some inter-
esting as well as unanswered questions
regarding the combination of resistance
factors that are successfully keeping it
extremely scarce.
The red-headed pine sawfly was re-
ported with about the same frequency as
in 1969. It should be carefully watched
in 1971, even though no major change in
status is anticipated.
Bagworms remained at high popula-
tion levels in many areas in the southern
half of the state. Extremely heavy para-
site infestation of bagworms in some
plantations suggests a possible decline
in abundance in 1971. In regard to po-
tential bagworm infestation of pines in
Christmas tree plantations, growers
should be aware that it is an extremely
poor practice to have cypress, larch, or
eastern red cedar (highly favored hosts
for bagworms) adjacent to their planta-
tions .
Terminal Feeders
The European pirn shoot moth con-
tinues to be a major problem in red pine
management. Christmas tree growers with
this tree species in their plantations
are especially concerned. At least two
known growers used chemical control mea-
sures in 1970. Observers are advised to
carefully check for this insect each
year, and any infestations in Scotch
pine should be especially noted.
The Zimmerman pine moth situation
was unchanged in 1970. Aerial spraying
was reported by one large Christmas tree
producer. Major damage from the Zimmer-
man pine moth consists either of leader
or side branch flagging of Scotch pine
due to larval activity at the point of
their juncture with the trunk. Growers
are advised on two points to minimize
infestation and damage from this species.
First, in establishing a plantation, avoid
if at all possible, locations near old,
heavily infested Scotch or other pines.
These will afford a ready supply of moths
,
overwhichyou may have no control . Second,
destroy all heavily infested trees in ex-
isting plantations and avoid retaining
Scotch, red, or other pines once they
reach merchantable size. Large, old trees
kept for sentimental or other reasons in
a Christmas tree plantation are an invi-
tation to trouble from the Zimmerman pine
moth.
The pales weevil is present in most
plantations in the state where cuttings
or thinnings are made. Reports of great
prevalence from one year to another may
be related to the amount of new stump
wood left or to the action of unknown
natural control factors. The chemical
treatment of stumps to render them un-
suitable for pales weevil brood develop-
ment is practiced by a few large
Christmas tree growers.
The Nantucket pine tip moth, annual-
ly present in the southern third of the
state, was reported no more frequently
than usual. It is expected to continue
as a serious problem insect in Christ-
mas tree plantations in that part of
II linois
.
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Forest Insects of Lesser Importance
Ips spp. were
in many past years
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newly cut stumps , e
tations, harbor
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ous problem except
conditions.
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Young tree mortality
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The larch sawfly was first obser-
ved this year in a plantation in Cham-
paign County. Evidence suggests that it
was present at least in small numbers in
1969. This species is also present in an
isolated plantation in Ogle County.
The larch casebearer continued to
cause some defoliation in the Champaign
County larch stand. The population level,
however, was low. In all probability,
some of the defoliation attributed to
the casebearer in 1969 was actually
caused by the larch sawfly. Both of these
insects are primarily of academic inter-
est, as larch is not grown by the state
forest tree nurseries or generally
planted.
The forest tent caterpillar in sou-
thern Illinois was materially checked by
a virus disease, according to survei 1 lance
reports of U.S. Forest Service personnel.
This should be reflected in population
levels and damage in 1970.
The spruce needle miner was reported
this year for the first time. Although
primarily a problem of ornamental spruce,
it may concern some windbreak owners and
some Christmas tree producers. Spruce
grown for Christmas trees or for land-
scape use should be carefully checked
!
for this insect. In a rather short time
in June or July, extensive interior crown
needle damage can occur and render trees
undesirable.
RGR:dh
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Twig girdlers continued to be ex-
tremely prevalent. Most observers did
not apear concerned with damage, but
were curious as to what was taking
place.
Oak leaf miners were more numerous
in some areas than in recent years. Dam-
age was extensive enough to affect the
late summer landscape color, as well as
to adversely affect fall coloration in
some of the heavily infested areas.
The white pine aphid and the pine
needle scale were reported by two co-
operators. These species bear watching,
especially in Christmas tree plantations,
although at present populations appear
to be at a low ebb.
Reports were also received of walnut
caterpillars 3 fall webworms, pine tube
moths, cypress needle galls 3 yellow-
necked caterpillars, and several other
forest insects. These reports did not
suggest that any of these insects were
either more or less important than in
the average year.
Conclusion
From our viewpoint, the year 1970
has not been a bad one from the forest
insect standpoint. However, we have a
number of potentially destructi\e species
that are well distributed over the state.
Several of these are sufficiently numer-
ous to provide damaging populations with-
in one year, should a combination of
circumstances sufficiently reduce the
environmental resistance factors operat-
ing against them. Although no major in-
creases in the abundance of any specific
destructive forest insects appear eminent
in 1971, our cooperative observation and
reporting will continue.
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Poor land-use practices on the easily eroded soils of
southern Illinois led to large-scale land abandonment, par-
ticularly during the 1930's. Reforestation of these lands
was initiated during the same period, but many sites had
been degraded to the point where it was best to plant pine
species with less demanding requirements than the native
hardwoods [Chapman, 1937]. Shortleaf pine (Pinus
echinata Mill.) and loblolly pine (P. taeda L.) have been
planted successfully, even though the planting sites are at
the extreme limit of the natural range of shortleaf pine
and about 150 to 200 miles north of that of loblolly pine.
Essex and Ganser [1965] estimated that about 34,100
acres have been planted to these two species in the 16
southernmost counties of Illinois.
Bazzaz [1963, 1968] presented a thorough treatment
of succession on abandoned fields in southern Illinois and
briefly considered the effects of pine plantations on hard-
wood regeneration. He suggested that pines enhance the
successional process by modifying these sites and allowing
their invasion by hardwoods. Considerable work of this
nature has been done in areas where shortleaf pine and
loblolly pine are important components of the natural
forest complex [Billings, 1938; Coile, 1940; Barrett and
Downs, 1943; Borman, 1953] . Results of a study designed
to further elucidate the effect of pine plantations on suc-
cessional trends and to establish the ecological niche filled
by pine in the forest ecosystem of southern Illinois are
discussed in this paper.
DESCRIPTION OF AREA
The area covered in this study includes the southern
one-third of Illinois and largely lies within the Till Plains
Section of the Central Lowlands Province and the
Shawnee Hills Section of the Interior Low Plateaus Pro-
vince [Fenneman. 1938] . Topography varies from level to
gently sloping in the Till Plains Section, while slopes may
become quite steep as they grade into the broad, rolling
ridge tops of the Shawnee Hills.
Soils of the area have developed in shallow to moder-
ately thick loess over Illinoisan till or bed rock, and largely
under the influence of forest vegetation. Well-developed
claypans are characteristic of many soils in the Till Plains
Section, while fragipans (siltpans) are common in those of
the Shawnee Hills. In both cases these hardpan horizons
limit the moisture storage capacity of soil profiles and
restrict both root penetration and the downward move-
ment of water [Boggess, 1956].
Climate is continental in character, although the
southern section is affected more by the warm flow of
gulf air during the winter months than is the northern
section. Thus average winter temperatures tend to be
warmer in the south (but above freezing throughout),
while there is little difference in average summer tempera-
tures. Mean monthly temperature for the coldest month is
2.7° C. and for the warmest is 26.6° C. The length of the
growing season, based on number of frost-free days, ranges
from 180 to 200 days in a north-south direction and
extends, on the average, from mid-April to late October
[Bazzaz, 1968]. Average annual precipitation varies from
about 40 to 46 inches, with relatively uniform distribution
throughout the year. However, there is a well-defined soil
moisture depletion trend during most growing seasons,
and cessation of tree diameter growth due to drought is
not uncommon [Boggess, 1956].
METHODS
A total of 112 plots were sampled. Trees 0.5 inch in
diameter and above were measured and tallied by species
in one-inch diameter classes on one-tenth-acre circular
plots, except in areas where current basic stand data were
already available from established research plots. Care was
taken to avoid plantations that had been burned or grazed.
Topographic and soil conditions were kept as uniform as
possible.
The reproduction of all woody species was determined
by establishing a sufficient number of circular, milacre
quadrats to provide a 10 percent sample of the plot area.
Quadrats were located by a random line-plot system and
woody vegetation was tallied by species or species groups
in two size classes: (1) those under one foot in height; and
(2) those over one foot tall but less than 0.5 inch in diam-
eter at A lA feet above the ground.
Relative density and relative frequency of occurrence
for each species were calculated. Importance Values (IV)
This work was made possible through funds provided by the Illinois Agricultural Experiment Station on Hatch Forestry Project 55-322.
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were calculated as the sum of the relative density and the
relative frequency for a species or species group with a
maximum possible value of 200 [Mcintosh, 1957; Boggess
andGeis, 1967].
The approximate age at which the hardwood under-
story began to develop was estimated from ground-line
ring counts made on 140 saplings taken from 14 randomly
chosen loblolly and 10 shortleaf pine plots which were
unthinned and compared favorably in age and stocking
with the average for all plots.
Due to the inherent difficulty in identifying many tree
seedlings, they were identified to the genus level only, and
a number of species-groups were devised to facilitate field
work as well as the analysis and discussion of results.
These are shown in Table 1 which includes a checklist of
woody taxa encountered in the survey.
Most all of the loblolly pine plantations examined are
in the Till Plains Section, while the shortleaf pine planta-
tions are largely located in the Shawnee Hills Section.
Based on the natural ranges of the two species, this distri-
bution appears somewhat illogical. However, most of the
shortleaf plantations were established by the U.S. Forest
Service on the Shawnee National Forest and their early
policy did not include widespread planting of loblolly
pine. A few loblolly plantations were established, and
their early success encouraged farm foresters and Soil
Conservation Service personnel to recommend this species
for farm plantings.
Shortleaf pine data are based on plots located in
Alexander, Franklin, Gallatin, Jefferson, Johnson, Law-
rence, Pope, Saline, Union, and Williamson counties.
Plantation age varied from 21 to 32 years (average 25) and
basal area from 125 to 230 square feet per acre.
Loblolly pine data are based on plots in Clay, Edwards,
Franklin, Hamilton, Jackson, Marion. Monroe, Pope, Ran-
dolph, Richland, and Saline counties. These plantations
average 20 years in age, with 910 trees per acre and an
average basal area of 167 square feet.
RESULTS
Reproduction in Unthinned Plantations
In shortleaf pjne plantations, seedlings of the red oak
and cherry groups were the most abundant, and together
comprise 44 percent of the total (Table 2). Although there
were more cherries than red oaks, the latter had the
greatest number of seedlings over one foot tall (Fig. 1 ).
Red oaks averaged 582 stems per acre in this class as com-
pared with 416 cherries. Frequency of occurrence was also
greater for red oaks than for the cherry group (Table 2).
Sassafras and persimmon, with 821 stems per acre, ranked
third in importance and about one-third of these were
over one foot tall. The elms and ashes ranked fourth and
fifth, comprising 13.9 and 10.5 percent, respectively, of
the total hardwood reproduction.
In loblolly pine plantations, red oaks and cherries were
the most important species groups (Fig. 2). Red oaks were
first, with 1,980 stems per acre, a frequency of 65 per-
cent, and constituted about one-third of all seedlings pres-
ent. The cherry group totaled 1,391 stems per acre and
had a frequency of 59 percent. The number of ashes ap-
proached that of the cherries, but frequency was only 27
percent. In terms of seedlings over one foot tall, the red
oaks increased in IV from 32.9 to 38.2, while that of the
cherries did not change. Elms, hickories, and white oaks
totaled 509, 36, and 27 stems per acre, respectively, and
altogether made up 10 percent of all hardwood seedlings
(Table 2). Only sassafras and persimmon represented the
small-tree species group but made up 5.5 percent of the
total hardwood reproduction. Seedlings of all other
species amounted to 255 stems per acre and made up less
than 5 percent of the total.
Age of Understorv
Average age of the hardwood saplings sampled was 8.4
years in the loblolly and 9.2 years in the shortleaf planta-
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Figure 1. Hardwood regeneration in unthinned shortleaf pine
plantations. Shaded area represents seedlings over 1-foot tall.
Figure 2. Hardwood regeneration in unthinned loblolly pine
plantations. Shaded area represents seedlings over 1-foot tall.
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TABLE 1. Checklist of Woody Taxa Identified According to Species Group
Species
group Symbol
Ashes
Cherries
Dogwood-
Ironwood-
Redbud
Elms
Hickories
AS
CH
DW-IW-RB
EM
HI
Oaks, red RO
Oaks, white
Sassafras-
Persimmon
Others
WO
SF-PS
OT
Scientific name
Fraxinus americana L.
F. pennsylvanica Marsh.
F. quadrangulata Michx.
Prunus serotina Ehrh.
P. spp.
Cornus florida L.
Ostn-a virginiana
(Mill.) K.Koch
Cercis canadensis L.
Ulmus alata Michx
U. americana L.
U. rubra Muhl.
Carva cordiformis (Wang.)
K. Koch
C. tomentosa Nutt.
C. glabra (Mill.) Sweet
C. ovata (Mill.) K. Koch
C. laciniosa (Michx. f.)
Loud.
Quercus rubra L.
Q. velutina Lam.
Q. palustris Muench.
Q. maralandica Muench.
Q. imbricaria Michx.
Q. muehlenbergii Engelm.
Q. alba L.
Q. stellata Wang.
Q. macrocarpa Michx.
Sassafras albidwn
(Nutt.)Nees
Diospyros virginiana L.
Acer negundo L.
A. saccharinum L.
A. saccharum Marsh.
Aesculus octandra Marsh.
Asimina triloba (L.)
Dunal.
Carpinus caroliniana
Walt.
Catalpa speciosa Warder
Celtis occidentalis L.
Crataegus spp. L.
Fagus grandifalia Ehrh.
Gleditsia triacanthos L.
Juglans nigra L.
Junipenis virginiana L.
Liquidambar styraciflua L.
Liriodendron tulipifera L.
Moms spp. L.
Nyssa sylvatica Marsh.
Populus deltoides Marsh.
Robinia pseudoacacia L.
Rhus spp. L.
Salix spp. L.
Common name
White ash
Green ash
Blue ash
Black cherry
Flowering dogwood
Ironwood
Redbud
Winged elm
American elm
Slippery elm
Bitternut hickory
Mockernut hickory
Pignut hickory
Shagbark hickory
Shellbark hickory
Northern red oak
Black oak
Pin oak
Blackjack oak
Shingle oak
Chinkapin oak
White oak
Post oak
Bur oak
Sassafras
Persimmon
Boxelder
Silver maple
Sugar maple
Buckeye
Pawpaw
Bluebeech
Northern catalpa
Hackberry
Crabapple
American beech
Honeylocust
Black walnut
Eastern redcedar
Sweetgum
Yellow poplar
Mulberry
Blackgum
Eastern cottonwood
Black locust
Sumac
Willow
TABLE 2. Density. Frequency. IV, and IV Rank, by Height Class of Hardwood Reproduction
in Unthinned Pine Plantations
All stems 0.5" d.b.h. Stems > 1 'tall<0.5" d.b.h.
Species or Number Percent Frequency, IV Number Percent Frequency, IV
species group per acre total % IV rank per acre total % IV rank
Shortleaf pine
Cherries 1,213 24.2 46 42.73 1 416 17.1 22 31.71 3
Red oaks 1.020 20.4 50 40.87 2 582 24.0 35 47.05 1
Sassafras-
persimmon 821 16.4 32 29.48 3 314 12.9 19 25.86 4
Elms 695 13.9 38 29.44 4 443 18.3 27 36.05 2
Ashes 527 10.5 26 21.10 5 263 10.8 16 21.69 5
Others 330 6.6 21 15.38 6 248 10.2 17 21.34 6
White oaks 100 2.0 8 5.30 7 57 2.4 3 4.50 7
Dogwood-ironwood-
redbud 120 2.4 5 4.35 8 57 2.4 3 4.50 8
Hickories 57 1.1 5 3.28 9 13 0.5 1 1.24 9
All hardwoods 5,004
Loblolly pine
2,428
Red oaks 1,890 32.9 65 61.15 1 1.027 38.2 47 69.13 1
Cherries 1.391 24.2 59 49.70 oz 655 24.3 34 46.34 2
Ashes 1.391 23.9 27 34.70 3 300 11.1 21 24.84 4
Elms 509 8.9 34 23.36 4 355 13.2 24 28.66 3
Sassafras-
persimmon 318 5.5 22 14.95 5 164 6.1 13 14.41 5
Other 255 4.4 18 12.28 6 145 5.4 10 11.96 6
Hickories 36 0.6 4 2.21 7 18 0.7 2 1.19 8
White oaks 27 0.5 3 1 .65 8 27 1.0 3 2.80 7
All hardwoods 5,744 2,691
tions. This indicates that the hardwood understory started
to develop when the loblolly pine plantations were about
11 years old as compared with an age of 16 years for
shortleaf pine. This five-year age difference reflects the
more rapid growth of loblolly as compared with shortleaf
pine, resulting in earlier crown closure and more rapid
build-up of the forest floor in plantations of the former
species than in those of the latter.
There was not much variation in the average age of
seedlings from the various species groups. Hickory showed
the greatest departure, with an average age of only five
years. This comparatively young age, coupled with the
fact that there were very few hickories in the stands, sug-
gests that hickory follows the same pattern in Illinois as
found by Billings [1938] in North Carolina.
Average age of the red oaks was eight and nine years,
respectively, for loblolly and shortleaf pine. Thus oak
species appear to invade the Illinois plantation at an earlier
age of the overstory pine in Illinois than that reported for
the Piedmont Plateau Region [Billings, 1938; Barrett and
Downs, 1943]. Certainly by the time plantations in
Illinois reach 20 years of age, the hardwood understory is
quite evident, and oak species make up an important
segment of this population.
There is not enough spread in the age of existing plan-
tations to determine whether hardwood regeneration
increases with age of the pine overstory, along with an
increase in the proportion of oaks to the total hardwood
reproduction as suggested by Barrett and Downs [1943].
On the basis of the present data, these relationships appear
to hold true in Illinois.
Effects of Thinning
Hardwood reproduction was determined on 32 plots of
a thinning study established in 1952 and 1954 to investi-
gate the optimum basal area for thinning shortleaf pine
plantations. Treatments included thinning by a crown
method to residual basal areas of 1 00, 80, and 60 square
feet per acre, along with unthinned check plots [Boggess,
Minckler, and Gilmore, 1963]. The treatments are re-
ferred to as light thinning (L). medium thinning (M),
heavy thinning (H), and check (C), respectively. Plots are
located in Johnson, Pope, and Union counties, Illinois,
and all have been thinned three times.
The reduction of stand density and basal area by thin-
ning had an adverse effect on the total amount of
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hardwood reproduction (Fig. 3). Reductions were in the
range of 13 to 22 percent, although they were not consist-
ent with the degree of thinning. Sassafras-persimmon was
the only single species group that did not follow this
general pattern, as its combined total was 538, 756, 1,231,
and 900 stems per acre, respectively, for the check, light,
medium, and heavy thinning treatments.
U=UNTHINNED
T= THINNED
RO EM ASH CH SF-PS WO OT
Figure 3. Effect of thinning on hardwood regeneration
in shortleaf pine plantations.
Thinning had a favorable effect on the growth of hard-
wood seedlings, since only 59.4 percent of the seedlings
on the check plots were greater than one foot in height as
compared with 82.5. 77.9, and 73.7 percent on the light,
medium, and heavily thinned plots. In terms of actual
numbers, however, there was little difference between
thinning treatments in the total number of seedlings in the
larger height class.
The red oaks were the most important species group,
ranking first in IV among all hardwoods except on the
medium-thinned plots, where they were second to the
sassafras-persimmon group. On the basis of total stems,
red oaks accounted for nearly one-fourth of the hardwood
reproduction. They are well distributed as shown by a
mean frequency of better than 50 percent. The number of
' red oaks did not show any consistent relationship with
thinning treatment.
The red oaks were closely followed by the elms and
ashes in seedling density. Frequency of occurrence was
best for the red oaks (55 percent for all treatments) as
compared with 43 percent and 33 percent for the elms
and ashes, respectively.
The cherries were fourth in importance in the thinning
experiment, and seedling density was considerably less
than on the unthinned plots previously discussed. Thin-
ning also appeared to have a greater adverse effect on the
cherries than on any other species group.
DISCUSSION
Hardwoods are reproducing well in plantations of
loblolly pine and shortleaf pine throughout the entire
area. Composition of the hardwood reproduction shows
some degree of consistency, particularly in the older
plantations where red oaks and cherries tend to be the
predominant species groups.
In general, the species or species groups that are
important components of the native upland forests tended
to increase in importance when seedlings over one toot tall
were compared with all seedlings. Red oaks, for example,
usually increased in importance, while the cherries de-
creased. Although cherry (Prunus serotina) does occur in
the native upland forest, it is not an abundant species.
Other members of the cherry group, Prunus spp.. are
strictly small trees and rarely get beyond the understory
layer.
The white oak group is very poorly represented in the
total hardwood regeneration. Quercus alba is by far the
most important member of the group, although post oak,
Q. stellata, is a common species on the less well-drained
soils of the claypan area. The red oak group has much
greater representation with such species as black oak (Q.
velutina), red oak (Q. rubra), shingle oak (Q. imbricaria)
with black oak the most important of the three. Seed
supply could be a factor limiting the reproduction of Q.
alba. White oak acorns germinate in the fall, as contrasted
with spring germination for the red oak group, and mois-
ture conditions during the autumn months are not usually
very favorable for germination and establishment of seed-
lings. Furthermore, white oak acorns are more palatable to
animals than those of red oak [Bourdeau. 1954]. All of
these factors might possibly limit white oak reproduction.
Hickories, which along with the oaks largely comprise
the native upland forests, were not at all common, and
their frequency of occurrence was sporadic at best. Planta-
tion age may be the controlling factor for, as Billings
pointed out, hickories were not usually found in native
pine stands in North Carolina until several years after the
oaks first appeared.
Sassafras and persimmon are the first woody species to
appear in old fields following their abandonment from
agriculture [Bazzaz, 1968]. They usually originate from
sprouts and become increasingly important with time. In
40-year-old fields, the oldest examined by Bazzaz, sassa-
fras and persimmon were the dominant species. Delay in
planting following land abandonment generally resulted in
increased numbers of sassafras and persimmon as com-
pared with fields that were planted promptly. For instance
in a series of plots in 17-year-old shortleaf and loblolly
pine, established about 10 years after cultivation ceased,
the sassafras-persimmon group outnumbered other species
or groups. Thus there was an ample seed source, both
from the surrounding area, as well as from sprouts within
the plantation itself. In most of the older plantations
established prior to 1940. little time elapsed between land
abandonment and tree planting.
Sassafras is generally considered an intolerant species,
and according to the U.S. Forest Service [1965], repro-
duction is usually sparse and erratic except from sprouts.
However, numerous sassafras seedlings were found on the
plots, but just how long individuals from seed origin will
persist is not known. In contrast, persimmon is considered
tolerant and may live longer under the dense pine over-
story than will sassafras.
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The role of animals in the hardwood invasion of pine
plantations cannot be overlooked. The destructive effect
of small mammals in consuming seed such as those of oaks
and hickories is well established [Korstian, 1927]. Even
so, it is difficult to see how oaks and hickories could re-
generate in pine plantations unless their relatively heavy
seeds are transported by birds or small mammals. In one
case, for instance, a 35-year-old shortleaf pine plantation
was separated from the nearest hardwood stand by a 300-
foot wide abandoned field of the same age. The field had
a scattered overstory of ash, elm, sassafras, and persimmon
saplings, but there were no oak seedlings present. In con-
trast there were 1,700 oak seedlings per acre in the pine
plantation. Animals have apparently carried acorns from
the hardwood stand, across the field, and into the planta-
tion. The complete cover provided by the pine overstory
has created a more favorable environment for the animals,
particularly during the winter months, than that found in
abandoned fields and perhaps even native hardwood
forests. In addition, the well-developed forest floor in pine
plantations provides conditions favorable for seed germi-
nation and seedling establishment. Most investigators have
emphasized the importance of moisture in the germination
of acorns and the role of litter in improving moisture rela-
tionships [Korstian, 1927; Barrett, 1931; Billings, 1938]
.
Pine plantations in southern Illinois represent plant
communities that have been interjected by man into the
natural successional trend. The overall effect has been
twofold. First the persistent broomsedge-shrub-small tree
stage, described by Bazzaz [1968] as dominating aban-
doned fields for more than 45 years, has been replaced by
full stands of pine which greatly increase productivity.
Second, the time required for the re-establishment of oak
species has been considerably shortened. Again, Bazzaz
[1968] found few oaks and hickories in 25- to 45-year-old
fields and those present originated from sprouts rather
than seed. Chapman [1937] emphasized the latter point
by suggesting that the major reason for planting conifers
in the Central Hardwood Region might well be to hasten
the return of native hardwood forests.
The "favorable" effect of pine on hardwood regenera-
tion may or may not be desirable from a management
standpoint. Most eroded sites will produce pine pulpwood
in 20 to 25 years. Yet their potential productivity for
native hardwoods has undoubtedly been greatly reduced
by the loss of topsoil which adversely affects moisture
storage capacity, nutrient availability, and the physical
environment of roots. At this point in time, one can only
conjecture as to the possible fate of hardwood regenera-
tion on eroded sites.
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Sweetgum (Liquidambar styraciflua L.) occurs naturally
in stream bottoms throughout the lower Mississippi River
Basin and has also been planted over a wade range of site
conditions in this area. Since soil fertility is low on some
planted sites, fertilizers should improve sweetgum growth
on those sites.
To test this hypothesis, the response of pole-size sweet-
gum in southern Illinois to inorganic fertilizers was fol-
lowed during a six-year period.
STAND AND SITE DESCRIPTION
The plantation was established in 1946 on the flood-
plain of Bay Creek, at the Dixon Springs Agricultural
Center located in Pope County, Illinois. A dense stand of
alder (Alnus rugosa (Du Roi) Spreng) seeded in during
1948, and at the end of the 1950 growing season the
sweetgum was only 1 to 2 feet taller than the alder. Low
temperatures during the winter of 1950-51 damaged 98
percent of the sweetgum, killing trees back for an average
of 4 feet. As a result of the cold damage, practically all of
the sweetgum was overtopped by the alder during the 1951
growing season. The sweetgum recovered from this setback,
and by 1965 alder had essentially disappeared, leaving
mainly grasses and other herbaceous vegetation in the
understory of the experimental area.
In 1965 there were 600 trees per acre with an average
diameter at breast height (dbh) of 6.16 inches and an
average height of 57 feet. Live crown occupied about 40
percent of total tree height. The soils in the plantation
consist of Sharon silt loam and Belknap silt loam. These
soils formed in recent alluvium, and neither show much soil
development. Sharon has a thicker surface than Belknap
and has better drainage, being moderately well drained to
well drained (Fluventic Dystrochrept). Belknap is an imper-
fectly drained soil (Aerie Fluventic Haplaquept). Both soils
are normally moderately acid and are low in phosphorus
and potassium. Flood water usually covers the soil surface
of the plantation two or three times each spring. Water
depths may reach 3 feet and the flooding normally lasts
about 12 hours.
METHODS
A nitrogen (N), phosphorus (P), potassium (K) factorial
experiment, replicated three times on 1/20-acre plots, was
initiated in May, 1965, when the plantation was 19 years
old. Treatments in addition to a control (no fertilizer) were
(1) 200 pounds of ammonium nitrate per acre; (2) 100
pounds of 48 percent superphosphate per acre; (3) 100
pounds of muriate of potash per acre; and (4) combinations
of the above. Annual applications of these fertilizers were
broadcast during either May or June from 1965 through
1970. Flooding did not occur during the immediate grow-
ing season after fertilizers were applied.
RESULTS AND DISCUSSION
One complete replication of the experiment was on the
Sharon silt loam (535 trees per acre), and the other two
replications were on the Belknap silt loam (651 trees per
acre). At the beginning of the study, trees growing on the
Sharon soil were larger in dbh than those on Belknap (6.8
inches vs. 6.5 inches) and total height (61 feet vs. 54 feet),
but the basal area was almost identical (142 square feet per
acre). Tree response to fertilization was similar on the two
soils, and no statistical difference in tree growth between
1965 and 1971 could be attributed to soil or site.
Nitrogen was the only single fertilizer element that
caused a growth response in basal area, diameter, or height
during the study period. The NPK treatment was the only
combination of fertilizer elements producing a growth
response, and this only for basal area (Table 1). Tree
mortality during the six-year period was not related to
fertilizer treatments.
Agronomic plants growing on Sharon and Belknap soils
usually respond to phosphorus and potassium fertilization
as both soils are normally low in these elements. A possible
explanation as to why sweetgum did not respond to P and
K treatments is that silt and clay particles deposited by
spring floods from fertilized agricultural lands above may
have supplied sufficient amounts of P and K for maximum
growth of the trees.
*A portion of this research was supported by funds from Hatch Project 55-341.
^Professor, Forester, and Associate Forester.
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Table 1. Average Size and Growth of Sweetgum From Spring, 1965, to Spring, 1971, According to Treatment
Basal area, sq. ft.
per acre
Treatment 1965 Growth
Control 145 28.5
N 147 45.5**
P 139 36.3
K 132 32.3
NP 124 32.6
NK 131 44.8
PK 126 25.6
NPK 124 44.8*
Diameter, in.
1965 Growth
Height, ft.
1965 Growth
58 9
57 12**
56 11
58 8
55 11
55 10
57 9
55 11
6.46
6.80
6.43
.83
1.27*
1.18
6.67 1.11
6.15 1.26
5.77 1.22
6.44 .91
6.12 1.23
**Significantly different at 1 -percent level.
* Significantly different at 5-percent level.
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Organized observation and reporting of forest insects
was continued in Illinois for the eleventh consecutive
year. This report summarizes information on the forest
insects encountered and reported during 1971.
Figure 1. Tent of the eastern tent caterpillar.
MAJOR DESTRUCTIVE INSECTS
Defoliators
The European pine sawfly, as for the past several
years, continues to be the most frequently reported in-
sect. Although populations were generally light, sevin or
malathion sprays were applied in a few heavily infested
Christmas tree plantations. The virus-caused disease of this
sawfly continues to be present in many field populations
and may be one of the principal resistance factors, if not
the principal factor, operating to check outbreak num-
bers. Personal contact and correspondence with U.S. For-
est Service personnel indicate that research on this
disease-causing virus is nearing the point where the virus
may soon be cleared and approved for field use in a
purified form.
The wide distribution of the European pine sawfly in
Illinois (Figure 2) and its continued spread will make
careful surveillance again necessary in 1972. Observations
should be made in late April through May as damage is
usually done by the end of this period.
Figure 2. Counties in which the European pine sawfly has
been reported from 1961 through 1971.
The loblolly pine sawfly was frequently reported.
This species, like the European pine sawfly, causes early
spring defoliation. It frequently causes concern in older
plantations or in pine plantings associated with recreation
areas. All evidence suggests that this species will be abun-
dant in 1972.
The Virginia pine sawfly was again reported from
Edgar and Coles Counties, where it has been for a number
of years. Population increases of this sawfly in Indiana
within the last two years suggest that we will be wise to
continue our watch for it, especially on jack, Scotch, and
Virginia pines in southeastern Illinois.
The white pine sawfly, a two-generations-a-year spe-
cies in Illinois, was not reported. This sawfly attacks only
Research was supported by funds from Hatch Project 55-373.
eastern white pine and when abundant is capable of
causing extensive defoliation. You are urged to keep on
the alert for this scarce species in 1972. Scattered arid
light infestations of insects offer great opportunities to
assess the values of the resistance factors operating to
produce those conditions.
The red-headed pine sawfly was reported more fre-
quently than in 1970. The heavy defoliation capability of
this species and its rather widespread distribution over the
state suggest that it be carefully watched during the
spring and summer of 1972.
Terminal Feeders
The pales weevil continues to occur in increasing
numbers each year. In Illinois it is primarily a concern of
Christmas tree growers. Injury ordinarily consists of adult
feeding damage that results in branch-flagging on trees
near salable size. In a few instances heavy seedling girdling
and death also has occurred. This species is expected to
continue to be a problem in 1972 in the larger operating
Christmas tree plantations in the state.
The European pine shoot moth and the Zimmerman
pine moth again caused considerable concern in parts of
Illinois. The European pine shoot moth prefers red pine
whereas the Zimmerman pine moth does best on Scotch
but will attack other pines. All encounters with these two
insects should be reported without fail in 1972. They are
bad actors and extremely difficult to control.
The Nantucket pine tip moth was prevalent through-
out the southern third of Illinois. We may expect this
species to continue at high population levels in 1972.
The pine tube moth, ordinarly a minor defoliator of
eastern white pine, was abundant in one plantation in
central Illinois. This insect has been in northern Illinois
for many years and probably occurs over the state wher-
ever white pine is grown. Extensive feeding on current
year's needles (in many years in Illinois only the current
needles remain on eastern white pine by fall) could render
white pines ugly and adversely affect their salability for
Christmas trees. Although this insect is not expected to
become a major problem, it should be watched.
Ips spp. beetles were reported to have caused or to
have contributed to red pine losses in plantations in
Sangamon, Cass, Mason, and Champaign Counties. Mor-
tality from Ips is not new in Illinois and should be
considered as a possiblity especially in large Christmas
tree plantations where annual stump production furnishes
abundant breeding sites. Even then tree death is not likely
to occur unless soil moisture or other factors contribute
to poor tree vigor. We should be particularly on the alert
for Ips problems where older pine stands are being logged
adjacent to younger plantations.
The pine bark aphid and the white pine aphid were
observed both on ornamental and plantation pines. These
together with the pine needle scale and the pine tortoise
scale, although not ordinarily of major concern, warrant a
continuous scrutiny.
A number of sightings were made during the year of
the eastern tent caterpillar (Figure 1), walnut caterpillar,
fall webworm, catalpa worm, yellow-necked caterpillar,
hackberry lace bug, and other insects of hardwoods.
These observations did not suggest that any of the species
are likely to pose serious problems in 1972.
FOREST INSECTS OF LESSER IMPORTANCE
The forest tent caterpillar continued to be reported
(at reduced population levels) from extreme southwestern
Illinois. Egg counts to be made between now and early
spring will reveal areas where this insect may cause de-
foliation in 1972.
Bagworms were abundant throughout much of central
and southern Illinois in spite of heavy parasitization in
many populations in 1970. Past records of extensive de-
foliation of Scotch and white pines grown for Christmas
trees suggest the need for our continued annual surveil-
lance of this insect.
CONCLUSION
In 1971 we have experienced another year with rela-
tively few extremely serious insect problems in the forests
and plantations of Illinois. This was good but it is not an
occasion for complacency. There appear to be distinct
possibilities that several major destructive forest insects
may occur in damaging numbers in 1972. We will, there-
fore, continue our observation and reporting in 1972. We
will hope to report all minor and major occurrences of
forest insects encountered. This will enable us to continue
to improve our cooperative bird's-eye view of the status
of the forest insects that are of concern to us.
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EARLY GROWTH OF PLANTED COTTONWOOD
ON UPLAND SOILS IN SOUTHERN ILLINOIS 7
A. R. Gilmorc, L. E. Arnold, and R. A. Young2
at Urbana-Champa
Gilmore (1969) reported on the growth of cottonwood
(Populus deltoides Bartr.) established in 1964 on an agro-
nomic experimental field in southern Illinois that had been
previously used for 50 years to test crop rotations with soils
and fertilizer practices. He found that tree survival was not
affected during the first four growing seasons by past soil
treatments. Height growth after four years was best on
plots that had received lime, but the addition of rock phos-
phate to limed plots depressed height growth. This paper
reports height growth of this plantation after eight years
and diameter growth after nine years.
Complete soil, site, and past treatments have been given
earlier (Gilmore, 1969) and will be described but briefly in
this report. The soils on the field are Hoyleton silt loam
(Aquollic Hapludalfs) and Chauncey silt loam (Argiaquic
Argialbolls). Permeability is slow, available moisture capac-
ity is high, and natural fertility is low on both soils.
The field arrangement consists of 20 plots one-
twentieth acre in size. The following treatments were ap-
plied singly and in combination to the plots used in the
study:
O = no treatment P = rock phosphate
M = manure K = muriate of potash
R = crop residue K(plus) = muriate of potash
L = limestone
Three basic treatments were systematically assigned in
the following combinations to 10 of the plots: O, M, ML,
MLP, O, R, RL, RLP, RLPK, and O. The other 10 plots
were assigned the same treatments as the first 10 plots ex-
cept for the addition of K(plus) to each plot.
One-year-old cottonwood seedlings from a local seed
source were planted during the spring of 1964 in 6-inch
auger holes, 20 inches deep, and at a spacing of 11 x 11
feet.
RESULTS AND DISCUSSIONS
Although survival of planted trees was high (averaging
95 percent) during the first four years, mortality increased
during the next five years, and significant differences oc-
curred between the treatments (Table 1). The delayed mor-
tality of trees on the less fertile plots is not unusual, but the
accelerated mortality on the RLPK treatment cannot be
explained from data gathered in the study, as nutrient con-
tent of this plot is greater than for some plots where sur-
vival was 97 percent (Table 2; Gilmore, 1969).
Height results after the eight years failed to show any
significant effect from the additional potassium (K plus)
applied. Therefore, data from plots receiving additional po-
tassium and those that had received none were combined.
Trees growing on limed plots are continuing to grow
faster than those on nonlimed plots (Table 1). Growth rates
on the higher fertility plots are continuing to accelerate but
have slowed on the poorer plots (O and M) as shown in
Figure 1.
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Figure 1. Average heights of trees surviving in 1971 by
treatments and years.
A portion of this research was supported by funds from Hatch Project 55-341.
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Height growth of trees on the RL plot averaged 6.45
feet each year for the last four years. The fact that trees on
the better plots are continuing to grow at this rate is re-
markable when one considers that the fertility of these
plots is low when compared with a good cottonwood site
(Minckler and Woerhiede, 1968). It would be only a conjec-
ture to state how much longer this accelerated growth will
continue, but one would guess that growth decline should
set in within the next three to five years. Figure 1 also
shows that the ranking of treatments according to tree
height remained in the relative same order at the end of
eight years as during the first four years of the study.
After the first four growing seasons, height growth was
depressed by the addition of phosphorus to the limed plots,
but this condition did not continue through the eight grow-
ing seasons.
Trees on the plots that received only plant residue are
growing as well as those that have received lime and phos-
phorus. This growth is unexpected, as the fertility of this
plot is lower than on the limed and phosphated plots.
Trees growing on limed plots were almost a third larger
in diameter than those without lime. The addition of phos-
phorus or potassium had no beneficial effect on diameters
on limed plots (Table 1). Plot density was not the deciding
factor in stem size, as the smallest trees were growing on
the least dense plots (O and M). In general, diameter ap-
peared to be influenced by the same site factors that in-
fluenced tree heights.
These height measurements during the second four-year
period and diameter measurements after the first nine grow-
ing seasons substantiate the conclusions drawn from the
earlier data that acceptable cottonwood growth can be
obtained on upland soils if adequate soil fertility is main-
tained.
LITERATURE CITED
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Table 1. Average Survival and Diameters of Cottonwoods
After Nine Years and Total Heights After Eight
Years
Treat- Sur- Diarn- Stan. Stan.
ment vival etei dev. Height dev.
pcf.a m.b m.b ft.c ft?
74 3.8 0.4 27.1 2.9
M 72 4.0 0.8 31.1 4.5
ML 94 6.0 0.4 43.8 2.2
MLP 94 5.7 0.6 41.8 3.8
R 97 4.7 0.4 38.8 2.5
RL 97 6.0 0.6 44.0 2.0
RLP 99 5.7 0.7 42.3 3.0
RLPK 85 6.0 0.5 41.1 2.3
RLPK significantly different (5 percent level) from all other treat-
ments. O and M significantly different (1 percent level) from all
other treatments except RLPK.
O significantly different (1 percent level) from all other treatments
except M. M significantly different (1 percent level) from all other
treatments except O and R. R significantly different (1 percent
level) from all other treatments except M, MLP, and RLP.
O and M significantly different (1 percent level) from all other
treatments. R significantly different (1 percent level) from ML and
RL.
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The effect of site quality upon wood specific gravity of
various hardwood species is not clearly documented. Ring-
porous woods growing on good sites usually have a higher
wood specific gravity than trees of the same species growing
on low-quality sites, while site quality does not seem to
influence wood specific gravity of low-density diffuse-
porous woods (Gilmore, 1971). There is little information
on wood specific gravity-site relationships for the high-
density diffuse-porous woods, although Zahner (1970) spe-
culated that differences up to 20 percent in wood specific
gravity within species of this group may be attributable to
site differences.
Survival, growth, and chemical content of the foliage of
sycamore (Platanus occidentalis L.) planted on an agro-
nomic experimental field in southern Illinois that has been
used to test crop rotation with various soil and fertilizer
practices have been reported (Gilmore and Boggess, 1963;
Gilmore, 1965). Briefly, these results showed that survival
and growth during the first six years of the plantation were
greater on limed than on unlimed plots. Foliar nitrogen,
phosphorus, calcium, and magnesium followed the same
pattern as survival and growth, but foliar potassium was less
on limed than on unlimed plots. There was no correlation
between tree survival or height and chemical content of the
leaves. The effects of past soil fertilization on wood specific
gravity of the sycamore trees at 17 years of age are reported
here.
that diameters at breast height and tree heights were well
represented. A 12-mm. increment core extending from the
bark to the pith was extracted from the south side of each
sample tree at breast height. Specific gravity of each core
was determined by water displacement and oven-dry weight
of the core.
ROTATION AND SOIL TREATMENTS
At the time the experiment field was established in
1915, the area was divided into eight plots that received the
following basic treatments singly and in combination:
O = no treatment
M = manure — 1 ton of manure applied, preceding the
corn crop, for each ton of crops grown during a
crop rotation
R = crop residues— stalks, chaff, and straw produced in
rotation
L = limestone—4 tons per acre applied in the begin-
ning and 4 additional applications of 2-1/2 tons
each, applied as required from 191 7 to 1953
P = rock phosphate—4 applications of 1 ton per acre
from 1917 to 1953
These basic treatments were assigned in the following
combinations to the eight plots: O, M, ML, MLP, O, R, RL,
and RLP.
METHODS
All plots had been in a mixture of clover-alfalfa three
years prior to planting sycamore. Fifty seedlings were
hand-planted per plot in 1956 at a 6-by-6-foot spacing. In
the fall of 1972, five trees were selected on each plot so
Table 1. Average Dbh, Total Height, and Wood Specific
Gravity of Sample Trees According to Fertility
Treatment
Treatment
Dbh
(inches)
Height
(feet)
Specific
gravity
-
M
ML
MLP
R
RL
RLP
5.0 44 .467
5.2 46 .452
4.8 47 .437
4.6 47 .471
4.4 42 .458
5.6 47 .470
4.9 43 .457
RESULTS AND DISCUSSION
Average specific gravity of sample trees by treatments is
shown in Table 1. There was no significant difference in
specific gravity between treatments and no correlations
could be found between specific gravity and total tree
heights or tree diameters. Average specific gravity for all
trees was 0.460, total height averaged 45 feet, and diameter
averaged 4.9 inches. The number of annual rings in cores
ranged from 12 to 14.
Results from this study do not agree with theories of-
fered by Zahner (1970) but follow in part Hunter and
Goggans' (1968) results with sweetgum (which is also in the
high-density diffuse-porous wood group) in Alabama. They
found that growth rate had little bearing on wood specific
gravity of sweetgum. This result agrees with the present
study of sycamore, as tree diameter is an indirect estimate
of growth rate when age is almost constant (12-14 years).
This study failed to demonstrate any relationship between
wood specific gravity of sycamore and site quality.
A portion of this research was supported by funds from Hatch Project 55-341.
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CAMPER PREFERENCES IN TWO SOUTHERN ILLINOIS CAMPGROUNDS 7
R. A. Young2
Several studies (1, 2, 4, 6, 7) have shown a definite
relationship between the socio-economic characteristics of
campers and their camping preferences. A good opportu-
nity to study this relationship and to learn more about the
preferences of Illinois campers is available in the Shawnee
Hills region of southern Illinois. There, within a few miles
of each other, are two campgrounds offering essentially the
same facilities but in different settings. They both provide
for overnight camping, picnicking, and swimming.
The Dixon Springs State Park provides these in a highly-
developed setting with mowed lawns, little screening be-
tween camping units, electrical outlets for trailers and
campers, playgrounds, and swimming in a pool. This park is
typical of the degree of development of the state parks in
Illinois and much of the Midwest.
The other campground is in the Lake Glendale Recre-
ation Area. It is operated by the U.S. Forest Service and is
similar in development to other campgrounds developed by
that agency. The campground is more natural with native
plants forming somewhat of a screen between camping
units. It has no electrical hookups or playgrounds, and
swimming is in an 80-acre artificial lake.
The purpose of our study was to look at the socio-
economic backgrounds of the campers at these two
campgrounds—one highly developed, the other more
"primitive"—and determine if there were any significant
differences between the two groups.
METHODS
The names of 250 families who camped at each of the
two campgrounds in 1969 were selected at random. A
questionnaire was mailed to these families asking them
about their general background, social and economic char-
acteristics, present and past camping experiences, and
camping preferences. Using a series of follow-up letters to
nonrespondents, we obtained excellent returns (8). A Chi-
square test was used to identify any significant differences
between the two groups of campers.
RESULTS
Returns were good from both groups of respondents.
We received 198 or 79.2 percent completed questionnaires
from the campers at the highly developed campground
(Dixon Springs) and 224 or 89.6 percent from campers at
the natural campground (Lake Glendale). There were signif-
icant (1—percent level) differences in the responses of the
two groups to six of the questions. These are listed below:
What is your total family income before taxes?
Number of days spent camping at the study camp-
ground during 1969?
Type of camping equipment you use?
What is the main reason (s) your family selected the
campground in this study?
What (if anything) would you like to see changed or
improved at the campground?
Would you enjoy the campground more if it were (less
developed, more developed, or neither)?
Few differences were found in the general backgrounds
or socio-economic characteristics of the two groups. Most
of the questions showing significant differences concerned
camping experiences and preferences.
Total family income was the only socio-economic fac-
tor differing significantly between the two groups, but the
differences did not follow a clear pattern (Table 1). Camp-
ers from the less developed campground had fewer re-
sponses than expected (in Chi-square test) in the low-
income group (under $4,000), in the $8,000-1 0,000 group,
and in the highest income group (over $12,000); but more
than expected in the $6,000-8,000 and the $10,000-12,000
income groups. Several studies (1, 2,4, 7) have found no
significant differences in total family income and their
preference for types of camping areas. We found no
significant differences between the two groups in size of
family, ages, education, occupation, or place of residence as
youth.
Campers stayed at the Lake Glendale campground
longer than at the more developed Dixon Springs camp-
ground (Table 2). This may be related to the theory of
Hendee and Campbell (3) that experienced campers tend to
seek more primitive types of recreation, and new campers
tend to utilize highly developed campgrounds. A study of
camper characteristics at two Arizona campgrounds (6)
reported that campers at one campground, who stayed a
relatively long time tended to be on vacation, and campers
at a second campground, where visits were shorter, were
mostly weekend campers.
We also found significant differences in the types <>l
equipment used in the two campgrounds (Table 3). Camp-
ers at the less developed campground used more tents and
A portion of this research was supported by funds from Hatch Project 55-323.
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tent trailers than expected, and campers at the highly
developed campground used more trailers and pickup camp-
ers. This item, along with the shorter length of time
camping, would suggest campers at the more developed
campground are more mobile. LaPage (4) also found mobil-
ity more characteristic of campers at highly developed
private campgrounds in New England than at the less
developed public campgrounds. These campers also had
more sophisticated camping equipment and a preference for
travel-type camping trips. Our findings agree with a study in
Michigan (5), where more tent campers than trailer campers
preferred the added privacy afforded by a less developed
campground.
The idea that the highly mobile camper prefers a more
developed area was supported by the reasons that the
campers gave for selecting a campground (Table 4). Al-
though the campgrounds are only a few miles apart,
significantly more of the campers at the highly developed
campground were concerned with location.
When asked what they would like to see changed or
improved at the campground, more respondents than ex-
pected from the better developed campground suggested
expanded swimming facilities and more improvements.
Users of the less developed campground wanted: no change,
firewood, and more activities and facilities at the camp-
ground. Thus campers at the more developed campground
would like it even more developed, while those at the less
developed campground wanted no change in the camp-
ground itself, but rather more to do.
We next asked the campers if they would like the
campground: less developed (in a more natural state), more
developed (more modern conveniences), or neither (as it is).
The two groups differed significantly in their responses.
More of the campers than expected from the more devel-
oped campground wanted greater development, while more
campers from the less developed campground wanted it "as
it is," neither more nor less developed (Table 5).
SUMMARY AND CONCLUSIONS
We did not find that campers at the two campgrounds
differed significantly in their general background or socio-
economic characteristics, except for their incomes. Even
the difference in incomes did not show any definite pattern
or trend.
The two groups did differ in their camping philosophy
and style, as reflected in their choice of campground.
Campers at the more developed campground camped fewer
days at the study campground during the summer of the
study, but did not necessarily spend less total time camp-
ing. They used more trailers and pickup campers; were
concerned about the location of their campgrounds; and
wanted even more development than existed. In contrast,
campers at the less developed area stayed longer, used more
tents and tent trailers; and selected the campground be-
cause they liked the type of campground and the activities,
and not because of its location. They did not want to see
the campground either improved or made more primitive.
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Table 1. Number of campers by total family income
More developed Less developed
Total canipground campground Total
family Number Number Number Number Number Percent
income observed expected 1 observed expected 1 observed observed
Under $4,000 6 3 3 6 1.50
$4,000-$5,999 8 8 10 10 18 4.50
$6,000-$7,999 20 28 41 33 61 15.25
$8,000-$9,999 49 43 44 50 93 23.25
$10,000-$12,000 53 56 67 64 120 30.00
Over $12,000 49 47 53 55 102 25.50
Total responding 185 185 215 215 400 100.00
Not responding 13 9 ... 22 ...
Total 198 ... 224 ... 422 ...
1 As indicated by Chi-square test.
Table 2. Number of campers by days camping at study campground in 1969
More developed Less developed
Days camping can pground campground Total
at study area Number Number Number Number Number Percent
in 1969 observed expected* observed expected 1 observed observed
None 1 1 1 1 2 0.5
1 42 24 9 27 51 12.3
2 42 32 26 36 68 16.4
3 47 41 40 46 87 21.0
4 22 21 24 25 46 11.1
5 11 15 22 18 33 8.0
6 or more 28 59 99 68 127 30.7
Total responding 193 193 221 221 414 100.0
Not responding 5 ... 3 8 ...
Total 198 ... 224 422 ...
1 As indicated by Chi-square test.
Table 3. Number of campers by type of camping equipment
More developed Less developed
campground campground Tota 1
Number Number Number Number Number Percent
Type of equipment observed expected 1 observed expected 1 observed observed
Tent 49 63 81 67 130 34.1
Tent-trailer 55 58 66 63 121 31.8
Trailer 52 44 40 48 92 24.
1
Pickup camper 21 15 9 15 30 7.9
Station wagon tent 3 1 2 3 0.8
Other 3 2 2 3 5 1.3
Total responding 183 183 198 198 381 100.0
Not responding 15 26 41 ...
Total 198 '_"_>4 422
1 As indicated by Chi-square test.
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Table 4. Number of campers by reasons for selecting campground in study
More developed Less developed Total
can-ipground campground Total
Number Number Number Number Number Percent
Reasons for selection observed expected^ observed expected^ observed observed
Convenient location 69 50 37 56 106 25.1
Swimming 31 36 46 41 77 18.2
Recommended 16 27 41 30 57 13.5
Fishing 2 8 16 10 18 4.3
Scenic area 13 13 14 14 27 6.4
Clean 6 7 9 8 15 3.6
Facilities available 8 7 7 8 15 3.6
Campground 5 15 28 18 33 7.8
Overflow 13 6 7 13 3.1
Other 35 29 26 32 61 14.4
Total responding 198 198 224 224 422 100.0
'Some campers indicated more than one reason.
2As indicated by Chi-square test.
Table 5. Number of campers by recommended changes
More developed Less developed
carr pground campground Total
Number Number Number Number Number Percent
Recommended change observed expected * observed expected^ observed observed
Less development 17 15 15 17 32 7.8
More development 90 69 58 79 148 36.2
No change 83 106 146 123 229 56.0
Total responding 190 190 219 219 409 100.0
Not responding 8 5 *.. 13 ...
Total 198 224 ... 422
'As indicated by Chi-square test.
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Cooperative observation and reporting of forest insects
was carried on in Illinois for the twelfth consecutive year in
1972. This paper presents information on the forest insects
encountered.
MAJOR DESTRUCTIVE INSECTS
Defoliators
The European pine sawfly continued to be the most
frequently reported forest insect. Although populations
were generally light, heavy defoliation occurred in a few
pole-size red pine plantations. The prevalence of last-instar
virus-killed larvae in sampled plantations suggests that this
insect will remain at about the same status in 1973.
Christmas tree growers, however, should continue their
usual vigilance.
The loblolly pine sawfly ranked second in abundance in
1972. In addition to early-spring defoliation in older lob-
lolly pine stands, heavy defoliation was reported in young
plantings. Complete loss of old needles plus some injury to
branch bark and the current year's needles can result in
small-tree mortality, especially if heavy defoliation occurs
in two successive years. Owners of loblolly pine plantations
in the southern third of Illinois should watch for this sawfly
in the early spring. As is true with the European and
Virginia pine sawflies, the loblolly pine sawfly overwinters
in the egg stage in the needles (Figure 1). Examination of
the needles at the ends of branches for eggs during the
winter will give the grower advance warning of a possible
sawfly problem.
JAM 6 - 1975
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The Virginia pine sawfly1 r/c7fi(rniu,eacTnptij ncause minor
concern and was reported only from Coles and Edgar
Counties in east-central Illinois. Past records suggest that
this species is still present in small numbers in the eastern
border counties in the southern third of the state. Land-
owners in those counties, therefore, should examine their
plantations in late April and early May for larvae of this
sawfly.
The white pine sawfly was not reported, although there
is every reason to expect that it continues to be present in
the state in small numbers. It is highly capable of rapid
population build-up from scattered and easily overlooked
colonies. For this reason Christmas tree growers with white
pine should be on guard for it in their plantations.
The red-headed pine sawfly (Figure 2) was reported less
frequently than in 1971. We should continue to monitor
this two-generation-a-year sawfly, although nothing suggests
any material change in its status in 1973.
Figure 1. Needles containing pine sawfly eggs.
Figure 2. Red-headed pine sawfly larvae at work. (Photo-
graph courtesy Robert J. Blair)
Terminal Feeders
Few reports of the European pine shoot moth were
received. Dimethoate was used on red pine in one twenty-
acre plantation in an effort to reduce the level of infesta-
tion of this shoot moth. Field examination of sample
plantations over its range in the state suggested that
populations were lower than for several years. No major
status change is anticipated for 1973.
1Research supported by funds from Hatch Project 55-373.
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The Zimmerman pine moth continued to be a problem
for a few Christmas tree growers in the northern third of
Illinois. Adjacent infested areas are often the major source
of annual reinfestation of plantations. The Zimmerman
pine moth can be a particularly serious problem when
infestations originate from land not owned or controlled by
the Christmas tree grower. Build-up of populations of this
moth may be minimized in some situations by removing all
heavily infested and cull trees (especially heavily infested
trees beyond Christmas tree size) in a plantation. Such trees
often generate large numbers of adult moths. The 1973
status of this insect should be similar to that of 1972.
The pales weevil, primarily a concern of large Christmas
tree growers in the state, continued at high population
levels. One large grower treated all stumps from the 1971
harvest in order to render them unsuitable as weevil
breeding sites. The resulting fewer numbers of adult weevils
should materially reduce flagging injury to trees of salable
size. Growers are urged to learn to recognize the pales
weevil and its damage. No change in status seems likely in
the coming year.
FOREST INSECTS OF LESSER IMPORTANCE
The forest tent caterpillar remains at low population
level. It is, however, present over a wide area in south-
western Illinois. For this reason it should be carefully
watched as it will probably be abundant over a wider area
than before when the resistance factors now holding it in
check cease to be effective.
The eastern tent caterpillar was frequently reported.
Although this species makes individual trees and stands
look unsightly, it is of primary concern only when it
attacks landscape trees or trees in recreation areas. No
major change in abundance appears likely in 1973.
In 1972 cooperators reported many more species of
insects attacking hardwood trees than in any past year.
Among those reported were: yellow-necked caterpillars,
hickory borers, mimosa webworms, walnut caterpillars,
linden loopers, walnut leaf rollers, periodical cicadas (Figure
3), black-headed ash sawflies, and ash borers. Even though
the vast majority of the hardwood forest insects encountered
are ordinarily present in small numbers and cause only
minor damage, it is nevertheless important that an annual
surveillance be maintained of as many species as is possible.
Several species that rarely occasion more than passing
concern can, under the right set of circumstances, become
extremely abundant and cause extensive damage. Fortu-
nately our observations do not indicate that any alarming
changes in the population levels of any of these insects are
likely in the coming year.
Figure 3. Adult periodical cicada. (Photograph courtesy
Glenn R. Campbell)
CONCLUSION
In 1972 serious insect problems in the forests and
plantations of the state have been few. Sawflies and shoot-
and bud-feeding insects continued to pose the greatest
economic threat to Christmas tree growers. Our increasing
observance and awareness of the many insect species attack-
ing hardwoods is encouraging and commendable. Many of
these insects will take on new levels of importance in the
future as hardwood forests are more intensively managed,
dedicated to increased recreational use, or converted to
wooded subdivisions or home sites. In the future these new
uses of forests will upset the normal checks and balances of
nature, thereby creating new forest insect problems.
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A LOOK AT THE CONVERSION METHODS TWENTY YEARS LATER J^|w Q _ iq-^r
In 1950 a study to evaluate methods of converting
low-quality hardwood stands to more profitable pine
plantations was established at Sinnissippi Forest (Ogle
County). Although herbicides were being used
experimentally in many areas at that time, their uses and
methods of application were not well known. Since then,
much research has been done and these factors have
become well documented. It is interesting, however, to look
at the results of this early study some 20 years later.
METHODS
The study was conducted in a stand of black oak
(Quercus velutina Lam.) and white oak (Quercus alba L.)
growing on sandy upland soils. Eleven half-acre plots were
established in an effort to find the best and most
economical system of conversion. Seven plots are
summarized in this study; of the other four, one was not
typical, one had faulty herbicide application, and plans on
the other two were not completed.
Table 1 lists the condition of the woody vegetation
before conversion of the seven plots studied. The
treatments given the seven plots are described below.
Plot 1
October 30, 1950-All trees 1 inch or more in diameter
were frilled with an axe and Ammate crystals were applied
directly into the frills; 22.8 pounds of Ammate per acre
were used.
May, 1951—Hand-planted 3-0 red pine on 6' x 6' grid.
April, 1 952—Replanted 2-2 red pine in failed spots.
June 18, 1953—All sprouts were cut with an axe.
Plot 5 (Check plot—no treatment of any kind)
May, 1951—Hand-planted 3-0 red pine on 6' x 6' grid.
April, 1 952—Replanted 2-2 red pine in failed spots.
Plot 6
October 30, 1950—Ml trees 1 inch or more d.b.h. were
girdled with an axe about 3^' above groundline; 240 trees
per acre were girdled, requiring 6.7 man-hours.
May, 1951 -Hand-planted 3-0 red pine on 6' x 6' grid.
April, i952-Replanted 2-2 red pine in failed areas.
June 25,1952—Oak reproduction was cut back with a
brush scythe, requiring 3 man-hours per acre. One year
after girdling, two-thirds of the trees were sprouting. All
sprouts were cut back with a brush hook, which required 2
man-hours per acre. Very few woody shrubs were present
on the area. Both plots 5 and 6 have a fairly heavy ground
cover of Carex pennsylvanica.
H.W. Fox 1 university of mmuts
at Urbana-Champ^n
July 25, 1 952—Reproduction and sprouts from girdled
trees were cut back by hand labor.
Plot 7
May, 1 951—Hand-planted 3-0 red pine on a 6' x 6' grid.
April, 1 952—Replanted 2-2 red pine in failed spots.
Winter, 1952-53—The merchantable timber was
harvested, leaving the tops on the area. Four inches of snow
were on the area when it was logged.
June 18, 1953—The remaining nonmerchantable timber
was girdled with an axe, and the large woody shrubs and
trees were cut back.
Plot 9
October, 1950—The plot was clear-cut for usable
sawlogs and cordwood
May, 1951—Hand-planted 3-0 red pine on a 6' x 6' grid.
September 27, 1951—The cut stumps were sprouting
heavily.
May, i°52-Replanted 2-2 red pine.
June 25, 1952—All stump sprouts and brush were cut
back by hand.
Note: The logs and cordwood did not pay for the
clear-cutting operation.
Plot 10
October, 1 950—The plot was clear-cut for usable
sawlogs and cordwood. The brush was sparse. Larger brush
and woody vegetation were cut back with an axe.
May, 1951—Hand-planted 3-0 red pine on a 6' x 6' grid.
May, 1952—Replanted 2-2 red pine.
Note: The logs and cordwood did not pay for the
clear-cutting operation.
Plot 11
This plot was added later in order to take advantage of
the information learned from the establishment of the
other ten plots. We now know that the removal or control
of the overstory is not a difficult task in the process of
converting the poor hardwoods to pines; it is the
underbrush—Corylus, Rubus, Cornus, and hardwood
seedlings and sprouts—that determines the success or failure
of the pine planting.
July 12, 1951—Merchantable trees were marked for
cutting. The remaining trees were poisoned with a Cornell
tool, using 2,4, 5-T (Esteron). All brush and woody
vegetation were also hand-sprayed with 2,4, 5-T at a
solution strength of 16 pounds of effective acid per 100
gallons of kerosene.
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Per acre statistics: Amount of 2,4,5-T to poison
trees—0.63 gallon; time required to poison trees—3.66
man-hours; amount of 2,4,4-T to spray underbrush— 19.0
gallons; time required to spray brush—6.66 man-hours; total
2,4,5-T solution used-19.63 gallons; total time to spray
brush and poison trees— 10.32 man-hours.
October, 1951—Merchantable trees were cut.
April 25, i952-The plot was hand-planted with 2-2 red
pine on a 6' x 6' spacing.
June 26, i 952—Good survival; the seedlings grew 5 to 6
inches in the spring of 1952. This is one of the more
promising conversion plots because good 2-2 red pine
planting stock was used at the onset. Then, too, the ground
cover, which is the limiting factor, was thoroughly sprayed
with 2,4,5-T before the trees were planted.
RESULTS AFTER 20 YEARS
Nothing more was done to the plots after 1953. An
analysis of success or failure was done in 1971. The results
are shown in Table 2.
The treatments given plots 1 and 1 1 were definitely the
most successful methods of conversion. The treatments of
plots 6, 7, and 9 were partially successful and perhaps
would have been more so if another release had been made
in 1954. The survival of planted pine on plot 5 is
remarkably good after 21 years of suppression. The
treatment of plot 10 was definitely unsuccessful as a
method of conversion.
CONCLUSION
It is quite obvious, as has been reported many times in
the literature, that successful conversion depends upon
successful elimination of all woody growth on an area. It is
not difficult to eliminate the overstory: this can be done by
cutting, girdling, using herbicides, or dozing. The
underbrush, seedlings, and sprouts are a far greater problem
and must be eliminated in the conversion cycle or they will
grow at prolific rates when the overstory is destroyed. Their
surge can be circumvented, where the undergrowth is light
to moderate, by underplanting and by removing the
overstory five to ten years after the pines have become
established.
^Wendel, G.W. 1971. Converting hardwoods on poor sites
to white pine by planting and direct seeding. NE Forest
Experiment Station, Upper Darby, Pennsylvania.
Table 1 . Per Acre Plot Data Previous to Conversion
Trees 1 " to Trees 9.6" d.b.h. Total no. Average Basal area Reproduction
Plot 9.5" d.b.h. and larger of trees d.b.h. (in.) (sq. ft.) under 1" d.b.h.
1 294 16 310 6.5 72.4 2,174
5 70 76 146 9.7 74.8 2,322
6 200 42 242 7.6 75.2 4,744
7 148 82 230 8.5 91.0 4,316
9 168 68 236 8.4 90.3 2,520
10 130 68 198 8.9 86.3 5,146
11 164 64 228 8.0 75.9 7,848
Table 2. Condition of Plots After 20 and 21 Years
Plot Treatment
Growing
seasons
Pines surviving
per acre
Average
height (ft.)
Deciduous trees
1.6" d.b.h. or
more per acre
Average dia-
meter decidu-
ous trees (in.) Comments
1 Ammate 21 784 28.8 128 2.1 Good stand, good
growth, deciduous
competition minor
None
Girdle
21
21
516
304
6.5
16.6
136
1,312
7 Harvest and
girdle
21 222
9 Clear-cut, me-
chanical release
following year
21 372
10 Clear-cut, no
release
21 286
11 Harvest, use
2,4,5-T on all
nonmerchantable
trees, brush,
and seedlings
20 872
23.0 624
29.4
12.5
2.5
4.1
2.0
Could have been suc-
cessful if released
at 4 to 6 years
Could have been suc-
cessful if released
at 4 to 6 years
Results similar to
Plot 6
Growth and survival
spotty because of
competition, needed
further release
Not successful
Definitely
successful
AV
FORESTRY RESEARCH
REPORT
department of forestry
w
agricultural experiment station
university of illinois at urbana-champaign
No. 73-2
RESPONSE OF WHITE OAK TO OVERSTORY RELEASE
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An exploratory study was done at Sinnissippi Forest,
Oregon, Illinois, to determine whether suppressed or over-
topped white oak (Quercus alba L.) could recover after
being released from surrounding competition. Diameters of
the 9 trees used in the study ranged from 6.3 to 11.2
inches. The stands included in the study were in the 71- to
90- year age class, and the timber types were white oak,
good; mixed oak, good; mixed oak, medium; and mixed
oak, poor.
Even though this is a limited study of only a few trees,
the information derived may be useful in managing oak
stands in similar timber types.
METHODS
At the beginning of the study the following data were
recorded for each tree:
1. D.b.h. of overtopped tree.
2. Rings per inch of overtopped tree.
3. Total height of overtopped tree.
4. Crown classification of overtopped tree.
5. Timber type.
6. D.b.h. of overtopping tree or trees.
7. Distance between overtopped tree and overtopping
tree or trees.
8. Photograph of crown of overtopped tree, showing
part of crown of overtopping tree.
9. Graphic description of the tree.
The overtopping tree or trees were removed, and a
photograph was again taken of the released trees from the
same camera point
Five growing seasons after release the following data
were recorded for the released trees:
1. D.b.h.
2. Comparative growth before release and after release
by increment borings.
3. Height
4. Crown classification
.
5. Photograph of crown
6. Graphic description
Crown classification was based on the Gevorikiantz^
method, in which crowns are classified from #1 to #9: #1
crown is short and narrow, #9 is long and wide, and #5 is
considered a balanced crown with a length between 30 and
50 percent of the tree height and a diameter from 60 to
100 percent of die crown length.
RESULTS
at Urbana- Champs:^
Sixty-two percent of the trees were dead five years after
release. Trees that did recover Were further classified under
good, fair, or poor recovery. Three typical trees are de-
scribed below.
Tree No. 1; no recovery; dead after five years
Initial data
D.b.h.: 10.4"
Height: 70'
Rings per inch: 24
Crown classification: # 1
Crown size: 12' long x 6' wide
Timber type: white oak—good site; 71-90 year age
class
Overtopping tree: white oak 14.8" d.b.h. at a dis-
tance of 11.0'
Graphic description
Tree entirely overtopped.
Eight 1' to 4' sucker branches on main stem.
Three 2" to 3" dead stubs 4' to 6' long below
crown.
Only four crown branches, 3' long and 1 V2" to 2" in
diameter.
The main stem has a slight crook about 22' high.
Five years later this tree was dead.
Tree No. 4; poor recovery
Initial data
D.b.h.: 7.6"
Height: 45'
Rings per inch: 26
Crown classification: #5
Crown size: 22' long x 18' wide
Timber type: mixed oak—poor site; 71-90 year age
class
Overtopping trees: 12.4" black oak at a distance of
14.3'; 9.6" white oak at a distance of 12.5'
Graphic description
Tree entirely overtopped.
Numerous sucker branches on main stem from 10'
to crown.
Assistant Professor of Forestry
Gevorikiantz, S.R. 1956. Managing hardwoods for quality increment. J. Forestry. 54:836-840.
Crown forks at 22' with die-back at tip ends of both
forks.
Except for the two main fork branches, there are no
live branches over 2" in diameter anywhere on the
tree.
There is a possibility of a merchantable height of
only 22' if the tree recovers.
Five years after release, tree No. 4 was only .1" larger in
diameter and its total height increased by 3'. Other factors
remained much the same. Growth rate had not increased.
For all practical purposes this tree is again overtopped,
even though there is nothing directly over the crown; it is
much lower than the surrounding crowns and receives little
direct sunlight. Sucker branches are still numerous from 10'
to crown and the smallest fork at 22' has died back
completely. The main fork in the crown has recovered to
some extent and is growing beyond the original die-back.
This tree is likely to recover only if further release is done.
Tree No. 5; good recovery
Initial data
D.b.h.: 9.1"
Height: 53'
Rings per inch: 27
Crown classification: #3
Crown size: 45' long x 16' wide
Timber type: mixed oak—poor site; 71-90 year age
class
Overtopping tree: black oak 11.3" d.b.h. at a dis-
tance of 16.4' from sample tree
Graphic description
Tree open on west side.
Side branches up to 2" in diameter start at 10' and
continue up the main stem to the crown.
No die-back, either in side branches or crown.
Has possibilities of producing 24' to 26' of mer-
chantable height, but of low quality because of
numerous branches on main stem.
Five years after release tree No. 5 was 1.3" larger in
diameter and 10' higher. The growth ratio between the
average diameter growth for the five years preceding release
and for the five years after release is 3.41.
At the end of the five years, the tree was still open on
all sides and appeared to be a healthy, fast-growing speci-
men.
CONCLUSIONS
This study gives an indication as to which trees may or
may not respond to release, although it is not possible to
draw a distinct line between the two groups. Results
indicate that trees with short narrow crowns and consider-
able die-back will not respond to release. However, trees
with good crowns, even though they have grown slowly in
past years, will respond to complete release. It is concluded
that crown condition rather than past diameter growth
must be considered in determining the probable release
response of white oak. Apparently, trees of good crown and
form will, if released, increase their annual growth rate to a
point at which it will be desirable to retain the tree in the
stand as future growing stock.
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A study was initiated in 1950 to determine the effects
of uneven-aged forest management on a stand of upland
hardwoods located at the Dixon Springs Agricultural Cen-
ter, Pope County, Illinois. The study areas of mixed oak
and oak-hickory types had been first cut for sawlogs about
40 years before the study began. No records of the
intensity of that cut are available. In the mid-thirties the
land was acquired by the Federal Government and has not
been burned or grazed since. This protection, along with a
small amount of stand improvement in 1955 (4), resulted in
a woodland better in stocking and composition than is
average for the area. This paper reports changes in the
growth, yield, and species composition of that stand result-
ing from 22 years of this kind of management.
The woodland consists of three tracts. Tract I, 19.15
acres, is on a middle southerly slope where rock outcrops
are common. Tracts II and III occupy a southerly and
southwesterly slope; Tract II is 12.15 acres on the lower
slope and Tract III is 8.8 acres on the upper slope.
Soil types are Grantsburg silt loam (Typic fragiudalfs),
generally found on the ridge tops and moderate slopes, and
a complex of Wellston and Muskingum soils (Ultic haplu-
dalfs and Typic dystrochrepts) on steep side slopes. The
moderately well-drained Grantsburg soils are of loessial
origin and have a very slowly permeable fragipan at approx-
imately 24 inches below the surface. The Wellston-
Muskingum soils, which do not have fragipans, are moder-
ate to well-drained and tend to be droughty.
METHODS
Complete inventories were made of the entire woodland
in 1950, 1955, 1961, 1966, and 1972. All trees 3.6 inches
diameter at breast height and over were tallied by one-inch
diameter classes. Local volume tables were made for esti-
mating board-foot volume, based on the international V4-
inch kerf rule for trees to a 10-inch top (inside bark).
During the first five years of the study, an annual
cutting was made in Tracts I and II. These tracts were
divided into compartments, and the entire annual growth
for the tract was cut from one of the compartments each
year on a rotation basis. This was done to concentrate the
annual cut, simplify logging, and make openings large
enough to encourage natural reproduction of oak species.
Growth was estimated by stand-table projection based on
increment borings from sample trees.
In 1955 a change was made in the management plan.
i Each compartment in Tract I and II was to be cut back to
5,000 board feet per acre. Since each tract contained five
I
compartments, a compartment would be cut once every
I
five years.
RESULTS AND DISCUSSION
Harvest Cuttings
Between 1950 and 1966, Tract I produced a harvest of
3,174 board feet of sawlogs per acre (Table 1). Between
1950 and 1960, Tract II produced 1,093 board feet of
sawlogs per acre cut in the first 10 years of the study. Since
the volume in Tract III never reached the 5,000 board feet
per acre cutting level, no harvest cuts have been made;
however, a salvage cut had been made in all three tracts
during the first five years, following a severe drought.
Olson and Boggess (3) reported on the growth and yield
of this area for the first five years of the study.
Growth
Growth data were computed for each of the four
periods, then combined for the full 22 years (Table 2).
Growth calculations include harvest cutting, salvage made
during the first period, mortality, and ingrowth.
Board-foot growth, computed for the period for trees
11.5 inches d.b.h. and over, averaged 243 feet per year for
Tract I, 186 feet for Tract II, and 176 for Tract in. Growth
capabilities for hardwood forests on the Grantsburg soils
have been estimated at 1 75-500 board feet per acre per year
and on the Wellston-Muskingum complex at 100-300 board
feet (5).
Volume
The total board foot volume increased during each of
the four periods (Table 3). Tract I, which had a per acre
volume of 5,629 board feet in 1950 and received the
heaviest cuttings (Table 1), had a volume of 7,399 board
feet in 1972. White oak volume increased steadily during
this period, while the black oaks, hickory, and others
generally decreased; during the last period, however, the
volume of black oak and others increased. The earlier
decrease in the volume of the species other than white oaks
was due to the individual tree selection method of harvest-
ing and timber stand improvement work, both favoring
white oak. These two factors have been absent from the
woodland in recent years, thereby allowing black oaks and
others to increase.
Tract II, which in 1950 was below the 5,000 board feet
per acre cutting level, showed a per acre volume of 6,790
board feet in 1972. Again, white oak volume increased
greatly—more than doubling from 1950 to 1972. Black
oaks also increased in volume, while the hickories and
others decreased. The volume in Tract III has increased
from 1,883 board feet in 1950 to 5,265 in 1972; the
increase was in all species.
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Species Composition SUMMARY
Under uneven-aged management with selection cutting,
one might expect an increase in shade-tolerant species such
as maple and red oak. These species can reproduce and the
seedlings can develop under the canopy conditions pro-
duced by uneven-aged management. Typically, this trend
would be accompanied by the reduction of the less shade-
tolerant species such as yellow-poplar and white oak.
These expectations were borne out by the record (Table
4). In 1950 white oaks in 4- to 11-inch trees in Tract I
numbered 26 per acre; Tract II had 61; and Tract III had
65. In 1972 the number had decreased to 19, 1, and 52
respectively. The reduction of white oaks was offset by
an increase in "Others"—mainly winged elm and hard
maple.
The total number of small sawlog trees (12- to
17-inch d.b.h.) decreased in Tract I from 33 per acre in
1950 to 19 in 1972. Trees of this size class increased in
Tract III during this period from 22 per acre to 38 and
decreased slightly in Tract II. The decrease in the number
of small sawlogs in Tract I was spread over all species.
Likewise, the increase in Tract III was over all species.
The number of large sawlog-size trees (over 1 7-inch
d.b.h.) increased in all tracts. The increase in Tract I was in
white oak, while the number of black oak sawlogs de-
creased during this period. In Tracts II and III, the number
of black and white oaks both increased with black oaks
contributing most to the total.
Although not included in the inventory of the stand,
the most common species in small sapling (under 4-inch
d.b.h.) are hard maple, hickory, and elm.
Diameter Distribution
In uneven-aged management a balanced diameter distri-
bution is important so that enough trees grow into the
higher diameter classes to yield adequate volume at each
harvest cut. Table 5 shows the diameter distribution for the
three study tracts and lists a stocking guide recommended
for upland uneven-aged hardwood forests in southern
Illinois (i, p. 19).
Tract I was overstocked in nearly all d.b.h. classes in
1950 when the first inventory was made. In 1972 it still
contained more trees per acre in the sapling and sawlog
classes than recommended and fewer in the pole sizes.
Tract II was also overstocked in 1950 in the lower
d.b.h. classes but had nearly the recommended numbers in
the sawlog-sizes. After 22 years of management the num-
bers of trees per acre were near the recommended levels
except in the sawlog class, where the numbers were slightly
higher than recommended.
Tract III was overstocked compared to the suggested
level in the sapling and pole classes in 1950. Since there
have been no harvest cuts in Tract III since 1950, the
overstocked condition has increased, with several db.h.
classes having twice the recommended number of trees per
acre.
Tract I
This tract was cut annually by compartments. The
volume to be cut was determined by growth estimates made
at the beginning of the first period and by a volume limit in
the second and third periods. During the fourth period
(1967-1972), which has not yet been harvested, Tract I had
2,399 board feet per acre available for harvest—that is,
exceeding the 5,000 board feet per acre cutting limit-
counting all species. The white oaks showed a decrease in
the number of small and large poles and small sawlogs and
showed an increase in the number of large sawlogs. White
oak volume per acre increased at a uniform rate during the
22-year period while the board feet growth rate lessened.
The numbers of black oaks in Tract I decreased in all
size classes. There was also a corresponding decrease in
volume per acre. Timber stand improvement cuttings have
greatly reduced the numbers of hickory in Tract I in all size
classes. The volume of hickory was reduced by approx-
imately two-thirds, while growth was reduced by only
one-third. Timber stand improvement also eliminated many
of the "Others" from the stand. These, principally ash, elm,
hard maple, and black gum, increased in number only in the
small pole sizes. These species also account for the over-
stocked condition in the small sapling class, a condition
present in all d.b.h. classes at the beginning of the study but
corrected in all classes but this.
Tract II
Cuttings in Tract II decreased the number of white oak
poles and increased the numbers of small and large sawlogs.
Total number of large sawlogs, however, is still small. White
oak volume has more than doubled during the study period.
Black oak volume is up and volume of hickory and others is
down. Total volume increased over 50 percent. Board foot
volume available for harvest was 1,790 per acre in 1972,
counting all species.
For black oak, the numbers of poles and small sawlogs
decreased moderately. Large sawlogs increased greatly in
number. Hickory decreased in numbers in the small poles,
sizes, and along with others remained constant in the other
classes. This reduction in this less desirable species im-
proved the stocking level, moving the stand from an
overstocked condition in 1950 to a better distribution of
size classes (at a desirable stocking level) in 1972.
Tract III
As the volume in Tract III increased, the number of
white oak poles decreased while the number of small
sawlogs increased. At the same time the number of black
oaks, hickories, and others increased. The tract still con-
tains more trees per acre than recommended in the pole and
small sawlog classes. Since the tract has just recently
reached the 5,000 board foot per acre cutting level, it has
not been cut except for a salvage cut made early in the
study (4). In 1972 board foot volume available for harvest
was only 265 per acre.
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CONCLUDIIMG REMARKS
Twenty-two years of managing this upland hardwood
stand by an individual tree selection cutting method has
greatly improved the quality of the sawlog-size trees in the
stand. In the last five-year period nearly all the growth has
been placed on the better crop trees; consequently, this
volume was several times more valuable than that during
the first five-year period when growth was placed on poor
species and low-quality trees as well as better trees.
The woodland has been quite acceptable from an
aesthetic standpoint at all periods during the research,
including during and immediately after harvesting opera-
tions. This management has also provided excellent soil and
water conservation and a good habitat for wildlife.
The study area also illustrates a problem associated with
this type of management, however. Species composition of
the reproduction is moving in the direction of the less
desirable, more tolerant species. Thus, although adequate
reproduction has occurred, much of it is of undesirable
timber species.
Another study (2) in the upland hardwoods of southern
Illinois demonstrated that the size of the openings created
during harvest strongly affected the species composition of
the reproduction but had little effect on the number of
stems present. In this study, Minckler and Woerheide found
that the diameter of openings should be about the height of
the surrounding canopy. (Canopy openings should be meas-
ured from the drip line on one side of the opening to the
drip line on the other side.) This size produced the
optimum combination of desired species and height growth
of reproduction. Larger openings had little effect on
improving either composition or height. In smaller open-
ings, height growth was less, and species composition
tended toward the more tolerant and less desirable species.
The problem of species composition of the reproduc-
tion on the study stand could most likely be improved by
increasing the size of the openings to about the height of
the canopy. This would not appreciably detract from the
aesthetics or watershed qualities of this woodland but
would most likely improve the wildlife habitat and con-
tinue to yield high quality logs and growth considered
adequate for the site.
LITERATURE CITED
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Table 1. Sawlog Harvest (board feet per acre) ;
1950-55 1955-60 1960-66 1967-72
Total
(Cut and salvage)
Tract I
Tract II
Tract IH
1,140
127 1
891
71 1
301
1,057
131
870 3,174
1,093
301
^International 'A-inch kerf rule for trees to 10-inch top inside bark.
Salvage—the cuttings were heaviest during the first five years when the emphasis was on improving the stand. Cull trees
were cut or girdled as the individual cutting areas were harvested.
Table 2. Growth Rates (board feet per acre)
1950-55 1956-60 1961-66 1967-72 Average
Tract I
Periodic
Mean annual
1,436
287
1,075
215
1,219
203
1,606
268 243
Tract II
Periodic
Mean annual
1,319
264
677
135
1,277
213
820
137 186
Tract III
Periodic
Mean annual
833
167
368
74
1,002
167
1,672
279 176
Table 3. Volume (board feet per acre)
Year White oaks Black oaks Hickory
Tract I
1950 3,516 1,658 252
1955 4,132 1,342 160
1961 4,491 1,041 168
1966 4,959 835 81
1972 6,021 1,097 64
Tract II
1950 1,489 2,216 199
1955 1,899 2,181 168
1961 2,312 2,296 164
1966 2,980 2,796 138
1972 3,62*2 3,102 4
Tract III
1950 450 1,227 161
1955 747 1,403 181
1961 1,000 1,442 239
1966 1,187 2,098 318
1972 2,372 2,346 439
Others
203
161
143
121
217
224
201
224
185
62
45
52
70
86
108
Total
5,629
5,795
5,833
5,996
7,399
4,128
4,450
4,996
6,099
6,790
1,883
2,383
2,751
3,689
5,265
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Table 4. Species Composition (trees per acre) by Size Classes
Species
4- to 11 -inch trees 12- to 17-inch trees Trees over 1 7 inches
1950 1955 1960 1966 1972 1950 1955 1960 1966 1972 1950 1955 1960 1966 1972
White oaksa 26 33
Black oaks° 10 7
Hickories 49 32
Others 59 70
Total 144 132
White oaks 61 55
Black oaks 22 14
Hickories 28 29
Others 31 38
Total 142 136
White oaks 65 64
Black oaks 26 16
Hickories 42 47
Others 13 27
Total 146 154
19
6
16
75
116
44
10
8
30
92
21
46
47
32
146
19
7
22
70
118
41
8
6
31
86
52
8
47
35
142
22
6
3
2
33
13
16
2
2
33
6
14
2
22
20
5
2
2
29
15
13
2
2
32
3
14
2
1
20
Tract I
18
4
1
1
24
Tract II
16
12
2
2
32
Tract III
11
13
3
1
28
15
3
1
1
20
19
11
2
1
33
11
18
4
1
34
15
3
1
19
20
10
1
31
17
14
6
1
38
3
4
5
3
1
2
1 1
3 4
9 12
2 2
11 14
3 4
6 7
11
1
4
^Includes white, post, and chestnut oaks.
"Includes black, red, scarlet, and blackjack oaks.
cPrincipally ash, elm, hard maple, yellow-poplar, and black gum.
Table 5. Diameter Distribution (trees per acre)
D.b.h. Tract I Tract II Tract m Recommended
Class 1950 1972 1950 1972 1950 1972 Mixed oak Hickory
Inches
5-7 49 75 60 33 60 67 32 30
8-10 28 14 38 18 38 34 24 22
11-13 19 8 26 15 22 28 15 14
14-16 18 10 15 17 10 16 12 10
17-19 7 10 4 9 2 7 6 5
20-22 2 6 1 5 1 2 1
23-25 2 1
Total 123 125 144 98 132 153 91 82
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Much of the former forest land in Illinois that was
cleared for agriculture was abandoned during the early
1900's because of low fertility and high rates of erosion.
Attempts to reforest such lands with climax species has
often met with failure. To help understand these failures, a
large body of literature describing succession and soil
conditions has accumulated (Oosting, 1942; Bazzaz, 1968;
and Rolfe and Boggess, 1973). Data that describe the site
changes occurring during succession are also available from
widely scattered sources (Coile, 1940; Auten, 1945; Walli-
han, 1949; Richards, 1962; Pisemskaya, 1963; Clark, 1964;
Fisher and Stone, 1969; and Rolfe and Boggess, 1973).
Coniferous species, which are more tolerant of poor soil
physical and chemical conditions than hardwood species,
were planted on many of these sites. Most of these
plantings were successful, and hardwood climax species
have begun to invade the sites (Minckler, 1952; Arnold and
Boggess, 1971). Several studies have been conducted to
determine why some tree species become established more
easily and grow better in the presence of conifers (Richards,
1962; Richards and Bevenge, 1963; Clark, 1964; Richards
and Voight, 1965; and Fisher and Stone, 1969). The
presence of a large amount of fungal activity, closely
associated with conifers, has been suggested as a major
factor in this better growth (Fisher and Stone, 1969).
The objectives of this preliminary study were to evalu-
ate the possible role of the microbial population associated
with conifers in nutrient mobility and to perfect techniques
for studying these phenomena.
METHODS
One-year-old loblolly pine (Pinus taeda L.) seedlings
were planted in soil obtained from a 20-year old loblolly
pine plantation and grown under greenhouse conditions.
For each potted seedling there was a duplicate pot contain-
ing only soil in order to determine whether any changes in
nutrient mobility were due to plant-microbial associations
or to microbial associations only. Eighteen pairs of pots
were established. All of the pots were watered daily with a
constant volume (200 ml) of deionized water and the
Filtrate was collected in 250 ml flasks connected to a funnel
under each pot. Each week of the six-week study, three
pairs of pots were removed from the study and the filtrate
volume in the flasks recorded and normalized to 250 ml.
To determine the effects on nutrient mobility of plant-
microbial or microbial exudates contained in the filtrate, an
extraction system, as described by Henin and Pedro (1965),
was set up. This system allows the circulation of a solution
through a soil column at repeated intervals. The solution
moves through an evaporation-condensation process—from
a boiling flask, through the soil column, and back to the
boiling flask. The soil used in the soxhlet extractors was the
same as used in the pots. After the soil was weighed and
added to the extraction column, 50 ml of the filtrate was
added to the soil column and 250 ml of deionized water
was added to the boiling flask. Only enough heat was
applied to the boiling flask to insure circulation of the
extraction system. Through experimentation, it was deter-
mined that 1 20 circulation hours were required for extrac-
tion. After this time, the samples showed no appreciable
increase in nutrients and the contents of the boiling flask
were collected and refrigerated. Six check extractions with
no filtrate addition were run.
The samples (both the initial filtrate and the extract
from the soxhlet) were filtered and analyzed by atomic
absorption spectrophotometry for calcium and potas-
sium.
RESULTS AND DISCUSSION
Results of the study for calcium are shown in Table 1
and for potassium in Table 2. There were no significant
differences between the amounts of calcium or potassium
extracted by plant-microbial filtrate and by microbial fil-
trate. Preliminary conclusions to be drawn from this indi-
cate that plant exudates in addition to microbial exudates
did not significantly improve nutrient availability in this
study. However, both plant-microbial and microbial filtrate
improve significantly (p^ 0.005) the extraction of calcium
and potassium in relation to extraction with deionized
water in the control samples. Based on this preliminary
experiment, microbial exudates from coniferous soils did
significantly improve nutrient mobility. However, the con-
centration of nutrients in the extract in weeks 2 through 6
was significantly lower (p 5^ 0.005) than in week 1 and did
not significantly differ from the control. In this case it
seems likely that, over longer periods of time, the filtrate
was becoming diluted by the daily watering of the pots. In
the filtrate from the first week, plant-microbial or microbial
exudates were in higher concentrations and thus resulted in
greater nutrient mobility.
Much additional work should be done, including com-
paring exudate studies of hardwood and abandoned field
soils; a further expansion and validation of the study
reported here; and analysis of the exudate to determine its
chemical nature and specific role in mobilizing nutrients
within a soil system.
This research was sponsored by Mclntire-Stennis Project 55-308.
'Assistant Professor and Research Assistant in Forestry.
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TABLE 1. Calcium Concentration in Extract (ppm)< LITERATURE CITED
Extraction Extraction
Filtrate with plant- with
week microbial microbial Control
number filtrate filtrate sample
1 156 152 57
2 52 65 43
3 40 53 51
4 52 52 43
5 33 36 39
6 40 36 50
^Nutrient concentrations are the means of three extractions
except for control extractions.
TABLE 2. Potassium Concentration in Extract (ppm) a
Extraction Extraction
Filtrate with plant- with
week microbial microbial Control
number filtrate filtrate sample
1 98 106 43
2 42 42 33
3 32 21 36
4 36 33 18
5 30 29 30
6 33 31 23
^-Nutrient concentrations are the means of three extractions
except for control extractions.
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Bazzaz, F.A. 1968. Succession on abandoned fields in the Shawnee
Hills, southern Illinois. Ecology 49:924-936.
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The combustion of leaded gasoline contributes nearly
250 kilograms of lead a year to the environment. Because
the lead emitted is particulate, much of it settles out of the
air rapidly or lands on various environmental surfaces such
as vegetation, and most of the lead is probably removed
from the atmosphere within 20 to 50 meters of a roadway.
Consequently, roadside soil and vegetation lead levels are
on the increase. As a general rule, soil and vegetation lead
levels increase with increasing traffic density and decrease
with increasing distance from the highway (Cannon and
Bowles, 1962; Daines et al., 1970; Motto et al., 1970;
Schuck and Locke, 1970; and Singer and Hanson, 1969).
The objectives of this study are to evaluate the effec-
tiveness of woodlands as barriers to lead dispersal and to
describe the distribution of lead in a woodland in terms of
soil and plant lead concentrations.
DESCRIPTION OF THE STUDY AREA
The location chosen for the study is a 60-acre woodland
in Champaign County, Illinois. The area known as Brown-
field Woods is maintained by the University of Illinois as a
natural area. The woodland is bordered on the south and
east edges by paved county roads with traffic volumes of
approximately 2,000 vehicles per 24 hours. The woodland
lies approximately 10 meters from the edge of the pave-
ment. Agricultural fields border the woodland on the north
and west edges. The stand is mixed mesophytic in composi-
tion with a basal area of 1 14 square feet per acre (Boggess
and Bailey, 1964). The leading dominant tree is sugar maple
(Acer saccharum Marsh).
METHODS
Soil samples were collected at 10-meter intervals from
the edge of the roads on the south and east edges to the
center of the woodland. At 50 meters, the distance between
sampling points was increased to 50 meters. Samples were
collected with a bucket auger at to 10, 10 to 20, and 20
to 50 centimeter depths. A composite of three samples was
taken at each sampling point.
Vegetation sampling included foliage, current and pre-
vious years' twigs, bark, wood, Utter, and herbaceous
vegetation. All samples were collected in duplicate and
taken from the tree nearest the soil sampling point. Foliage
samples were composites of leaves taken from the upper
and lower canopy. Samples of foliage were collected from
the side of the tree nearest the road and the side opposite
the road. Current and previous years' twigs, bark, and wood
were collected in a similar manner. Wood samples were
taken with a 5-millimeter increment borer and were com-
posite samples of the last 40 years' growth. Herbaceous
vegetation and litter were collected in duplicate under the
sampled tree.
Foliage samples were divided before oven drying; one-
half of the sample was washed in deionized water for 30
minutes and the other half remained unwashed. All other
vegetation samples were analyzed in the unwashed condi-
tion. Soil samples were air-dried, ground, and sieved; only
the fraction that passed through a 2-millimeter sieve was
analyzed. Analysis of all samples was by atomic absorption
spectrophotometry.
RESULTS AND DISCUSSION
The concentration of lead in soils at the three depths
studied decreases with increasing distance from the south
road between and 20 meters (Figure 1). Sample results
from the east road are similar and therefore not reported.
Beyond 20 meters (moving well into the woodland) soil
lead concentrations are fairly uniform at all depths distance
from the road. In the 0- to 10-centimeter samples, at
distances of 0, 10, and 20 meters, concentrations are
significantly higher (P< 0.005) than in the samples taken at
greater depths or at greater distances. The sharp decrease in
lead concentration with increasing distance from the road is
typical since much of the larger lead particulates are
deposited immediately because of gravitational settling. Soil
lead concentrations in the woodland interior are charac-
teristic of background soil lead levels in the area. Decreasing
lead concentrations with increasing depth in the soil profile
indicate little movement of lead in the soil system.
Lead concentrations in foliage, twigs, bark, and wood
are shown in Table 1 for the 10-
,
20-
,
and 100-meter
locations from the south road. Sample results from the east
road are similar and therefore not reported. Again, samples
collected beyond 20 meters showed no significant differ-
ence in lead concentrations, but vegetation samples collect-
ed at 10 meters were significantly higher (P^ 0.005) than
those collected at greater distances. Only those foliage,
twig, and bark samples collected at the 10-meter point
showed significant variation between samples taken on the
side of the tree near the road as compared to the opposite
side of the tree. These high foliage, twig, and bark lead
concentrations on the side of the tree nearest the road
indicate considerable impaction of lead particulates on
vegetation surfaces adjoining roadways. Washed foliage
samples from the 10-meter sample point showed a lead
Partially supported by a grant from the National Science Foundation RANN Program.
Assistant Professor of Forest Ecology and Environmental Studies.
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content 30 percent lower than the unwashed samples
collected at the same location. Samples collected at the
remaining sample points at greater distances from the road
were reduced only 4 to 12 percent by washing. The results
of the washing experiment allow speculation that much of
the lead associated with the 10-meter foliage samples is
surface contamination rather than internal. This is support-
ed in part by the generally low lead concentrations in the
bole of the trees as compared to components exposed
directly to the air. The general decrease in vegetation lead
concentrations with increasing distance from the road and
the steep concentration gradient near the road also support
the contention that much of the lead emitted through the
combustion of leaded gasoline settles out or is impacted on
environmental surfaces close to the road.
Lead concentrations in litter and herbaceous vegetation
follow the same general pattern as described for the tree
vegetation and are shown in Figures 2 and 3, respectively.
No litter sample was collected at the initial meter
sampling point.
CONCLUSIONS
As many authors have reported in the literature, lead
concentrations in soils and plants decrease with increasing
distance from highways. In this woodland study, a very
steep lead concentration gradient existed between and 20
meters. In comparing these data to lead concentration data
for agricultural soils and plants of the same general area as
reported by Haney et al., 1973, it is apparent that a lesser
gradient exists in the agricultural area. Lead concentrations
in soils and crop plants show a more gradual decline. This
supports the hypotheses that woodland border strips are
effective barriers to lead dispersal from highways. Similar
types of vegetatiori such as tall shrubs may be equally
effective.
The concentrations of lead in soils and plants of the
woodland give little cause for concern in terms of plant
effects. However, potential food chain magnification, espe-
cially in those organisms feeding in the margins of the
woodland, may result in damage to other components of
the ecosystem.
Table 1. Lead Content (ppm) of Various Tree Components
in Relation to Distance From the South Road and
Sampling Location on the Tree.
Distance (meters)
Vegetation 10 20 100
component FS NS FS NS FS
Unwashed
foliage 29.6 17.9 8.2 7.6 6.4 7.3
Current
twigs 19.3 12.2 7.0 5.7 6.3 5.9
Previous
years' twigs 14.6 10.2 6.4 6.4 3.9 5.3
bark 33.7 21.9 8.2 9.6 7.3 6.2
Wood 9.3 7.2 2.9 1.7 2.3 1.9
*Ncar side of tree in relation to road.
lFar side of tree in relation to road.
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Cooperative surveillance and reporting of forest insects
continued in Illinois for the thirteenth consecutive year in
1973. This report presents information on the status of the
forest insects encountered.
MAJOR DESTRUCTIVE INSECTS
Defoliators
The European pine sawfly remained about as abundant
as in 1972. Two Christmas tree plantations were sprayed
with sevin or malathion by air. We may expect that this
insect will continue to be a recurring problem for Christmas
tree growers. As far as is known, chemical insecticides have
not been used against this sawfly in older pine plantations,
and those stands will continue to supply adults to spread
into noninfested or lightly infested younger plantations.
The polyhedral virus disease is widespread in European pine
sawfly populations in Illinois, and under conditions that
permit the disease to assert itself, may be expected to
continue to operate as the most important environmental
resistance factor affecting European pine sawfly abundance.
The loblolly pine sawfly, which had been increasing in
the last two years, was encountered less frequently in 1973.
Although the precise cause of the population decline is not
known, it appears more likely to be a pathogenic disease
than climatic extremes or parasitic action. No major
problem with this species is anticipated in 1974, although it
should be continuously monitored.
The Virginia pine sawfly continues to be confined to a
very few localities in the state. Parasites, predators, and a
polyhedral virus disease appear to have this species under
control. Isolation of the infestations from most Christmas
tree and other pine plantings in the state is a major factor in
preventing spread and economic damage.
The white pine sawfly has not been reported in Illinois
for several years. It is, however, most unlikely that it has
been eliminated from the state. We should be on constant
guard against it, especially in Christmas tree plantations
where white pine is being grown in pure stands. It is
reproductively capable and potentially a very destructive
defoliator.
The relatively few reports of the red-headed pine sawfly
suggest that it will not be a serious problem in 1974.
This year, bagworms were more abundant in some areas
of the state and were reported more frequently by
Christmas tree growers than in previous years. For control,
we recommend spot spraying of heavily infested trees
rather than broadcast application of insecticides.
Terminal Feeders
The Zimmerman pine moth, European pine shoot
moth, and the pales weevil continue to trouble Christmas
tree growers in the northern two-thirds of Illinois. In an ef-
fort to control the European pine shoot moth and the Zim-
merman pine moth, dimethoate has been used by some
growers, with variable success. Once a plantation is heavily
infested with these species, damage will quickly cause many
trees to become unsalable. Removal of heavily infested
trees and trees that will never be merchantable is considered
a good sanitation practice for both the Zimmerman pine
moth and the European pine shoot moth.
Pales weevils were encountered by several Christmas
tree growers. Damage consists almost exclusively of adult
branch feeding, which results in resin accumulation or
branch flagging. Especially in the large Christmas tree
plantations, we can expect the pales weevil to continue as a
serious problem in 1974. Where large populations of adult
weevils are already present, stump treatment following
harvest is recommended.
INSECTS NOT USUALLY OF MAJOR IMPORTANCE
The larch sawfly continued to cause moderate defolia-
tion in one small plantation in central Illinois. Bird and
rodent predators of the cocoons appear to be the principal
natural control factors.
The gypsy moth was trapped in Illinois for the first
time in 1973—two males in Cook County and one near
Springfield. No egg masses or larvae have been reported in
the state.
A wider variety of forest insects was reported in 1973
than in any year since the beginning of annual surveillance
and reporting in Illinois in 1961. This does not particularly
indicate that many of these insects, several of which attack
hardwood species, are necessarily any more prevalent now
than in previous years; rather, these reports reflect a
growing concern with insects of hardwood forests. Because
much information is needed about many hardwood insects
operating under forest conditions, we are pleased to see this
change over past observation and reporting.
Pine webworms, pine needle scales, pine tube moths,
walnut caterpillars, Catalpa worms, forest tent caterpillars,
eastern tent caterpillars (see Fig. 1), fall webworms, tulip
poplar weevils, black-headed ash sawflies, elm leaf beetles,
white marked tussock moths, dogwood sawflies, cotton-
wood leaf beetles, and a number of others were reported.
There was no indication, however, either from the number
Associate Professor of Forestry.
of reports regarding these insects or from my observations
in the field, that any of them are likely to be more
abundant in 1974.
CONCLUSION
In 1973 most forest insects have not been serious. The
exceptions have been the European pine sawfly, the Euro-
pean pine shoot moth, the Zimmerman pine moth, and the
pales weevil. These insects were of major importance to
some Christmas tree growers and required control measures.
The increased reporting of hardwood insects was en-
couraging. A continuation of reporting of all destructive
insects, as well as beneficial agents such as parasitic and
predaceous insects (see Fig. 2), should enable us to better
understand forest insect problems and improve manage-
ment practices on forest lands in Illinois.
Figure 1. Tent of the eastern tent caterpillar. Figure 2. Dew-covered webs of predaceous spiders
on a Scotch pine in a Christmas tree plantation.
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AN INEXPENSIVE SAMPLER FOR MONITORING WATER QUALITY j^, Q _ iqyr
J.M. Edgington and G.L. Rolfe J University oi um,
et Urbana-Chamocicn
With greater emphasis being placed on water quality
from forested watersheds, there is a need for an efficient
monitoring system to determine the extent of nutrient
losses. Traditional silvicultural practices create changes in
the water quality of a watershed (Bormann, 1968). In
addition, new techniques are being used to stimulate tree
growth and stand productivity. One such technique is the
use of sewage sludge as a fertilizer on forested lands
(Sopper and Kardos, 1973).
Monitoring the water quality of forest drainage and
small upland streams presents many problems. The runoff
must be sampled continuously, especially during storm
periods when dissolved and suspended loads are the great-
est. Sampling such runoff by hand would require personnel
at each sampling location virtually around the clock.
The purpose of this report is to describe an efficient,
inexpensive water sampler that can be used to sample the
runoff from a watershed continuously. This sampler auto-
matically removes a constant volume of water at a rate
proportional to that of the stream discharge. The samples
are composited and a sub-sample is collected daily. The
sub-samples are analyzed to give an estimate of the mean
ionic concentration in the stream over the collection peri-
od. Thus, a daily yield of nutrients or contaminants is
determined as the product of the mean concentration, the
stream volume discharge, and a conversion factor to equal-
ize units of measure.
SAMPLER DESIGN
The sampler has four main components: a continuously
running pump; a timing control; a stream-level sensing unit;
and a pair of three-way, solenoid-operated flow diverters
available from Valcor Engineering, Kenilworth, New Jersey.
The sampler is housed in a box 2' x 2' x 4', constructed
of 3/4-inch, exterior-grade plywood. The outside of the box
is covered with 24 gage galvanized sheet metal for addition-
al protection. Attached to the inside wall of the box is a
double-pole-single-throw fused, safety disconnect and a
surface mount receptacle. All electrical components operate
on a 115 VAC 60 hz power supply, but could easily be
converted to battery operation.
The pump, timers, and diverters are mounted on a
removable shelf inside the sampler box. The stream-level
sensor unit was mounted inside a stream-level recorder
stilling well of the type used by the U.S. Geological Survey.
The function of the sensor unit is to change the sampling
rate as the stream volume discharge increases or decreases.
The unit consists of a float-operated, three-pole, sump
pump switch that is connected to the timing controls
(Figure 1).
The control unit contains two synchronous timer mo-
tors with cam-operated repeat cycle switches. The timers
have a repeatability of ±2 percent. The low stream flow
timer has a 1 rph (revolution per hour) motor, allowing a
sample to be taken once every hour during the low
sampling mode. The high stream flow timer has a 5 rph
motor, allowing a sample to be removed five times every
hour during the high sampling mode. Both timer motors
operate continuously.
The cam switches in the timing control unit control the
three-way, solenoid-operated diverters. Depending on which
sampling mode is activated by the sensor unit, the respec-
tive diverter is activated thereby diverting the water flow
into the sample container.
The last major component is the pump. The one used in
this sampler is a peristoltic-action tubing pump capable of a
flow rate of 48 to 960 milliliters per minute at ft. head
(1.6 ml/revolution). The tubing used in the pumps will
depend on the height of the head. The higher the head, the
greater the vacuum in the tubing; thus, a thicker-walled
tubing must be used. This sampler normally pumped a
20-foot head and required a tubing with a wall thickness of
1/8 of an inch. Tubing fatigue time depends on the
formulation of the tubing, but is generally from 60 to 80
hours. The pumps are designed so that the tubing can be
rotated to a new contacting surface without interrupting
the water flow.
SAMPLER OPERATION
Basically, the sampler operates on two separate circuits:
the low mode circuit and the high mode circuit. Each
circuit has two switches and one diverter (Figure 1). One
switch is controlled by the stream height (the sensor
switch); the other switch, by the timer motor (the cam
switch). Both switches in each circuit must be closed to
activate the diverter and take a sample.
At low stream levels, the sensor switch is in the low
mode. In that mode, only the low-flow timer controls the
sampling rate. When the low-flow timer switch closes, this
activates the low-flow diverter and a sample is removed by
diverting the flow into a 24-liter carboy (polyethylene
bottle) placed beneath the shelf.
As the stream level increases, the sensor deactivates the
low-mode circuit and simultaneously activates the high-
mode circuit. In the high mode, only the high-flow timer
switch controls the sampling rate. Thus, when the high-flow
timer switch closes, the high-flow diverter is activated and a
sample is removed. The sample, too, is composited into a
second, 24-liter carboy that is also placed beneath the shelf.
The pump runs continuously, bringing water from the
stream into the sampler and passing through both flow
diverters (Figure 2). When no samples are being removed,
the flow is discharged back into the stream.
The intake line has a funnel attached to the end. The
funnel opening is covered with a screen of 1/16-inch mesh
fiberglass that prevents clogging by large debris.
At the end of every 24-hour period, a sub-sample is
removed from each carboy. The remainder of the compos-
ite water samples is dumped. The carboys are rinsed with
deionized water, and then replaced in the sampler unit.
DISCUSSION
The sampler just described was designed for use in
determining water-quality data and lead outputs in an
east-central Illinois watershed. In order to analyze the
samples for lead, the water samples would have to pass
through without coming in contact with any metallic parts.
1 Research Biologist and Assistant Professor of Forest Ecology and Environmental Studies, Department of Forestry.
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The uniqueness of this sampler lies in the fact that it does
not contaminate the samples, thus allowing sample analysis
for trace elements.
The maintenance of the sampler is relatively simple.
One unit has operated satisfactorily for 21 months. The
intake lines are replaced three times a year to avoid
contamination. During the winter months, freezing was
kept to a minimum by the continual movement of water
through the lines. Freezing did not occur until the tempera-
ture dropped to -10 C. Heat from the pump motor pre-
vented the composite samples from freezing at even lower
temperatures.
This sampler does not use sophisticated electronic
circuitry. Therefore, it can be built for under $300 fr0m
readily available parts.
The sampler lends itself readily to modifications accord-
ing to the needs of the researcher. Sample volumes can be
increased or decreased by adjusting the timer cams to
change the duration of the sample time. In addition, a wide
variety of timer motors are available from several manufac-
turers.
By installing an integrated sensor switch and additional
circuits, samples from all flow-rate classes can be obtained.
However, the capacity of the analytical laboratory will be
an important factor in determining the number of samples
to be taken for analysis.
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INJECTOR HATCHET A SUCCESFUL TOOL IN PLANTATION MANAGEMENT
Howard W. Fox 1
Initial thinnings in young plantations often result in a
net cost to the owners because the material removed is not
merchantable. However, future profits come in part from
added growth on residual trees after thinning. Many studies
have shown that these initial thinnings eventually do pay
out.
A relatively new tool to accomplish thinning with a
minimum of cost is the injector hatchet, which forces a
predetermined amount of herbicide into the tree with each
hack. A Hypo-Hatchet Injector using Silvisar 510^ was
tested in 1972 in a 4-acre 26-year-old red pine plantation at
Sinnissippi Forest, containing about 5,000 trees spaced 6
feet by 6 feet; most trees were less than 10 inches D.B.H.
(diameter at breast height, 4-1/2 feet above ground).
According to the manufacturer, each hack with the tool
released approximately 1 milliliter of herbicide into the
tree.
Each tree to be thinned was hacked a given number of
times at a point 3-1/2 to 4 feet above ground, depending
upon its diameter. Trees with 4-inch D.B.H. were hacked
twice; 5-inch trees were hacked three times, and all larger
ones were hacked four times.
One year after treatment the kill was considered to be
extremely effective, with 79 percent of all treated trees
completely dead. Of those remaining trees that were not
completely killed, the top part of the crown was killed,
leaving only weakened green branches below the general
crown canopy. These will not be able to compete for light
and will eventually die.
No untreated trees were damaged in any way. Eleven
percent of the red pine trees had 80 percent of the crown
killed, 3 percent had 60 percent killed, 3 percent had 50
percent, 2 percent had 40 percent, and 2 percent had 20
percent. A few cherry and hickory trees scattered within
and along the edges of the pine plantation were also
treated. None of the hickory trees were affected, but about
80 percent of the cherry trees 2 inches to 6 inches in
diameter were killed.
Figure 1. Hypo-Hatchet Injector in use.
Assistant Professor of Forestry.,
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Silvisar 510 contains active ingredients as follows: Dime thy larsinic Acid, 46 percent, and Triethanolaminc Cacodylate, 8.3
percent.
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MORE ON LIMING AND GROWTH OF SHORTLEAF PINKS'
. l.R. Gihnorc-
In a previous paper (Gilmore, 1972), the author report-
ed that liming a silt loam soil in southern Illinois reduced
the height of shortleaf pine (Pinus echinata Mill.) during the
five years after planting. He concluded that potassium was
more than likely the element that limited growth under
these conditions. This paper reports the heights of the same
trees at the end of the eleventh growing season, when the
crowns were beginning to close.
The plantation studied was established in 1964 on two
areas of land that had been in agronomic experimentation
since 1912. In one area, only crop residue produced in a
rotation had been returned to the land between 1912 and
1962. A second area had received crop residue, plus a total
of 33 metric tons of limestone per hectare (9 tons in 1913
and 2 tons each four years thereafter through 1961).
Both areas were subdivided in 1962 and three replicated
treatments of 0, 2.2, 4.4, and 8.8 metric tons of hydrated
lime per hectare were applied to each area. In addition to
the limestone, 134 kilograms of nitrogen, 25 kilograms of
phosphorus, and 111 kilograms of potassium per hectare
were uniformly applied in the spring of 1962 and disced
into the soil on both areas.
Finally, in 1970 a top dressing of muriate of potash at
the rate of 108 kilograms per hectare of potassium was
broadcast on the most heavily limed plots (Treatments 7
and 8, Table 1) to learn whether this fertilizer would
correct the suspected potassium deficiency.
Results and Discussion
In 1974, as in 1964-1968, growth continued to be
greater on plots that had received no lime before 1962 than
on plots that had been limed (Table 1, Figure 1).
It is difficult to determine whether the potassium added
in 1970 has influenced growth on those plots. In 1968,
before this fertilizer was added, trees growing on the
unlimed plots were 44 percent taller than trees growing on
plots that received the largest applications of lime, while in
1974 trees on the unlimed plots were only 16 percent
taller. However, differences in growth between most treat-
ments were not as great in 1974 as they were in 1968.
The 1974 data indicate that liming these soils will more
than likely have a long term effect on the height growth of
shortleaf pine. Liming of various species of pine seedlings
has been reported to affect their growth (Lund, 1938; Plass,
1969) but this study presents the first documented evi-
dence that liming has a deleterious effect on height growth
of trees over an extended period.
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Table 1. Heights of Shortleaf Pine in 1968 and 19 74
according to Treatment.
Lime applied
Heights
Treatment Before
1962
In
1962number 1968 1974
Metric tuns/ha Meters
1 None 0.0 2.59 5.39
2 None 2.2 2.56 5.45
3 None 4.4 2.36 5.06
4 None 8.8 2.33 5.09
5 33 0.0 2.03 4.94
6 33 2.2 2.03 4.94
7 33 4.4 1.82 4.72
8 33 8.8 1.79 4.63
1968
2 3 4 5 6 7
TREATMENT NUMBER
Figure 1 . Height of shortleaf pine by treatments and years.
A portion of this research was supported by funds from the Illinois Agricultural Experiment Station, Mclntire-Stennis
Project 55-311.
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GRADIENT ANALYSIS OF THE STREAMSIDE FOREST
IN THE HART MEMORIAL WOODS, CHAMPAIGN COUNTY, ILLINOIS 7
David T. Bell and Stanley K. Sipp 2
November, 1974
The Hart Memorial Woods, located along the east bank
of the Sangamon River near Mahomet in Champaign Coun-
ty, Illinois, is one of the natural areas owned and adminis-
tered by the University of Illinois. Hart Woods, located in
Sec. 36,T21N,R7E, 3rd P.M. (40°14'N;88°21'W) occupies
36 acres, most of it upland area. The upland areas provide
one of the more xeric (deficient in plant-available mois-
ture) examples of upland streamside forest in the Sangamon
River basin. The natural area does, however, provide a
continuously wooded gradient from the stream edge across
approximately 30 meters of flood plain to a steeply sloping
transition to the upland. The gradient of elevation associ-
ated with the stream edge provides an excellent opportuni-
ty to compare a steep environmental gradient with the
more gradual elevational transition sampled at Robert
Allerton Park (Bell, 1974a) and the Oldweiler Forest (Bell,
1974b). A recent vegetation survey (Root et al., 1971)
characterizes the upland forest as a mixed stand of Quercus
alba (white oak), Q. velutina (black oak), and Q. rubra (red
oak) and the flood-plain forest as dominated by Acer
saccharinum (silver maple) with Fraxinus pennsylvanica
(green ash) and Ulmus americana (American elm) as associ-
ates.
The major objectives of the present study of the forest
have been to document the relationship of tree species
distribution to natural river flood regime and to provide a
permanently marked study site for continuing biological
research.
METHODS
Field Site Sample
A complete study area map was established along the
east bank of the Sangamon within the area maintained by
the University of Illinois. Two transects, each with two
30-m-radius sampling plots, were located perpendicular to
the river. Within the study area every tree with a DBH of
4.0 cm or more was tagged with a numbered aluminum tag
and located as to distance, direction, and elevational differ-
ence from the plot center points. Information on diameter
at 1.5 m, crown class, vigor, and condition was recorded for
each tree. Elevations of the plot center points were deter-
mined from a U.S. Geological Survey bench mark, and the
elevation of each tree was then determined from these data.
Calculations
Structural aspects of the forest were determined from
data of each transect plot for specific increments of
elevation. The use ol the data from each sample plot as a
unit allowed a comparison with the previously existing
information for the entire forest (Root et al., 1971).
Determination of elements of the structure of the forest in
the vertical dimension by one-foot increments provided a
vegetational gradient for comparison with the gradient of
hydrological events in the Sangamon River and with the
combined vegetational and environmental gradient devel-
oped for the sites in the Robert Allerton Park (Bell, 1974a)
and the Oldweiler Forest (Bell, 1974b). The characteristics
of forest composition and structure determined included
species diversity, distribution, density, dominance, and
importance value (sum of relative density and relative
dominance).
RESULTS
A total of 20 tree species were tallied in the study plots.
This total agrees favorably with the study of the entire
forest (Root et al., 1971), despite sampling only a relatively
small portion of the forest. Basal area values for the
predominantly upland plots averaged 118.80 square feet per
acre, while the predominantly bottomland areas averaged
149.04 square feet per acre. These values also conform well
to the previous work done in the forest. Basal area of the
flood-plain plots is dominated by Acer saccharinum with
Populus deltoides, Platanus occidentalis, Fraxinus pennsyl-
vanica, and Celtis occidentalis making up most of the
remaining portion of the total basal area (Table 1). Basal
area dominance in the upland plots was shared by the three
upland oaks (Quercus velutina, Q. alba, and Q. rubra) with
Ulmus rubra and Carya cordiformis totaling lesser amounts.
Development of a tree community gradient, determined
by the distribution of structural characteristics of the forest
at increments of elevation of one foot, established that the
distribution of community characters was in gradient fash-
ion; however, the transition was relatively steep compared
with the community gradients established for other sites
(Bell, 1974a; 1974b). Community structure values for the
elevational distribution of the Hart Woods streamside forest
are shown in Table 2. Acer saccharinum dominated each
elevational increment below 681 feet with the only other
species being Salix nigra (black willow) and Fraxinus
pennsylvanica. Acer saccharinum importance values re-
mained high through an elevation of 682 feet, at which
elevation it was beginning to be replaced by Celtis occiden-
talis. Celtis occidentalis dominance occurs in a narrow band
and is rapidly replaced by a forest of Quercus species in the
canopy and an understory component of Ulmus rubra.
The Shannon diversity index (H') points out the pauci-
ty of species in the lower reaches of the transect. Low
Research supported by funds from the Illinois State Division
auspices of the Illinois Agricultural Experiment Station.
^Forester and Assistant Forester.
of Waterways and U.S. Army DACW 23-73-C-0020 under the
values throughout the elevational gradient are common in
the forests of central Illinois. The highest species diversity
was observed in the intermediate elevations between the
areas dominated by Acer saccharinum and the Quercus
species. The distribution of community characters on the
elevational gradient shows a turnover of species similar to
that developed in the Allerton Park (Bell, 1974a) and
Oldweiler Forest (Bell, 1974b) sites.
Correlation of a coenocline of vegetational characteris-
tics with the environmental gradient of flood frequencies is
not possible for the Hart Woods section of the Sangamon,
as the nearest recording river level gauge is in Mahomet
downstream from the site and extrapolation of values could
only be accomplished with a rating curve for the stream
channel. The assumption drawn from the distribution of
species, however, would be that the magnitude of floods at
Hart Woods would be somewhat similar to the Allerton
Section of the Sangamon (Bell, 1974a) and of somewhat
greater magnitude than the floods near the Oakley Bridge
(Bell, 1974b). A gradient of species distribution, despite the
rather steep elevational gradient, lends credence to the
individualistic response of species to the gradient distribu-
tion of the physical factors of the environment.
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Table 1. Basal Area Totals for the 10 Leading Dominants
in the Gradient Study Area of Hart Memorial
Woods
Common Basal area
Species name (ft 2 /acre)
Predominantly bottomland plots
Acer saccharinum Silver maple 117.66
Platanus occidentalis Sycamore 10.22
Populus deltoides Cottonwood 8.40
Celt is occidentalis Hackberry 5.56
Fraxinus pennsylvanica Green ash 4.08
Predominantly upland plots
Quercus alba White oak 35.66
Quercus velutina Black oak 32.80
Quercus rubra Red oak 26.30
Ulmus rubra Red elm 11.82
Carya cordiformis Bitternut
hickory
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SURFACE-WATER HYDROLOGY OF THE SANGAMON
RIVER AT MILE lGO.OG 7
Forrest L. Johnson
Investigation of hydrologic events in the Upper Sanga-
mon River watershed is essential to the understanding of
the role of the river in both the aquatic ecosystem and the
streamside forest ecosystem. Surface-water hydrologic char-
acteristics of a river are of major importance to the
distribution and abundance of plants and animals in the
river flood plain and in the edges of the upland. Ground-
water levels in the flood plain, silt deposition, and erosion
are dependent on surface-water events. Surface-water char-
acteristics important to studies of the physical and biotic
attributes of the streamside ecosystem include timing,
frequency, duration, stage, and discharge rates of free-
flowing surface water and the possibility of any long-term
trends or cycles in surface-water events.
This report gives results of studies on the longest
periods of growing-season flooding at different points on an
elevational gradient; cumulative river-level frequencies at
different points on an elevational gradient; the yearly cycle
of probability for various river levels; an investigation of
sources of variance in annual discharge; and an attempt to
determine whether long-term temporal cycles or trends in
runoff exist.
DATA BASE
Data used in the analyses reported here are provided by
the Hydraulics Division of the U.S. Army Corps of Engi-
neers and the Illinois State Division of Waterways. Data
from 1908-1912 and 1915-1971 are daily river stages at
Allerton Park Bridge (river mile 160.06) extrapolated from
the U.S. Geological Survey gauging station at Monticello.
Data for 1972 and 1973 are daily river stages from the
State Division of Waterways gauging station at Allerton
Park Bridge.
RESULTS AND DISCUSSION
Floods of Longest Duration
Table 1 shows the longest growing-season (1 April
through 30 September) floods recorded for one-foot incre-
ments on an elevational gradient at Allerton Park Bridge.
The floods of longest duration all occurred in the wet years
of 1908, 1927, and 1943. The highest flood occurred in
1926 but was not during the growing season.
Cumulative River Level Frequencies
Table 2 is a list of cumulative river-level frequencies for
both the growing season and the entire year along an
elevational gradient at Allerton Park Bridge. Values given
here, based on 64 years of data, differ slightly from
previous reports (Bell, 1973) that considered a period of
only 15 years. It was previously thought that flooding
frequency at any given elevation was less during the
growing season (1 April through 30 September) than during
the rest of the year, but calculations on a longer data base
show that flooding frequencies are approximately equal in
the two halves of the year.
The trees nearest the stream bank at Allerton Park
Bridge are at an elevation of 628.0 feet. From Table 1 it
can be seen that trees at this elevation must be able to
survive at least 88 days of continuous flooding; Table 2
shows that they are able to survive inundation for an
average of 22 percent of the growing season.
Probability of Various River Levels
Figure 1 shows the frequency of occurrence for river
stages of 624, 627, and 630 feet above sea level for each
day of the year, based on all the recorded river level data at
Monticello (1908-1912, 1915-1971) extrapolated to Aller-
ton Park Bridge and actual river levels at the bridge for
1972-73. The curves are somewhat irregular even with 63
years of data, but some general trends are apparent. The
probability that the river will be above a certain level
reaches its highest point from about 1 April to 1 May,
continues to be high to the end of June, drops off rapidly
until late August and early September, then rises gradually
through the winter. The river can be expected to be at a
level of 624 feet or higher about 98 percent of the time in
late April but only about 22 percent of the time in early
September. An elevation of 627 feet or greater can be
expected 59 percent of the time in late April and 5 percent
7Research supported by funds from the Illinois State Division of Waterways and U.S. Army DACW 23-73-C-0030 under the
auspices of the Illinois Agricultural Experiment Station.
'Research Forester.
of the time in early September. An elevation of 630 feet or
greater occurs 25 percent of the time in late April and 2
percent of the time in early September.
Sources of Variance in Annual Discharge
The question of whether the flooding pattern has
changed in Allerton Park because of changes in land-use in
the area has been brought up as part of the controversy
over the Springer Reservoir project. Kendeigh (1973) con-
cluded that there has been no change in the flooding
pattern of the Upper Sangamon River since primitive times,
while the U.S. Army Corps of Engineers (1973) and the
City of Decatur (1974) assume that there have been large
changes in the flooding pattern of the river due to cultiva-
tion and tile drainage of a large portion of the watershed.
Factors that influence annual runoff from a watershed
are precipitation, evapotranspiration, topography, soil per-
meability, and land-use practices. Characteristics of precipi-
tation that affect annual runoff a^e amount and seasonal
distribution of precipitation and intensity, duration, fre-
quency of occurrence, and areal distribution of individual
storms. Evapotranspiration depends on soil moisture, vege-
tation cover, soil and air temperatures, and wind. For
investigations of a single watershed, topography remains
constant and hence is not considered in this study. Soil
permeability depends on soil texture, soil structure, and soil
moisture content. Land-use factors thought to affect runoff
are cultivation, drainage projects, and soil conservation
methods.
A multivariate (multiple linear regression) analysis was
done, using available river discharge, weather, and land-use
data. The dependent variable chosen for the analysis was
annual discharge at Monticello for the periods 1908-1911
and 1915-1970. Independent variables used were annual
rainfall, annual evaporation estimated from mean monthly
temperatures, and the percentage of the watershed in
functional drainage districts. First-order autocorrelations
were calculated for annual precipitation and for annual
river discharge.
First-order autocorrelation coefficients are -0.01 for
annual rainfall and +0.322 for annual river discharge,
indicating that one year's rainfall has no significant correla-
tion with the next year's rainfall. There is, however, a
significant correlation (P 95%) between river discharges in
consecutive years. This is probably a result of ground-water
storage of precipitation. After a year of heavy rainfall a
large amount of water is stored in the ground, which means
increased runoff the next year, while in the year after a dry
year there is decreased runoff because the ground water is
being replaced.
Pan evaporation records have been available only since
1959, but mean monthly temperatures were found to
account for 94.5 percent of the variance in monthly
evaporation values. A regression equation using mean
monthly temperatures was derived for calculating annual
evaporation before 1959.
12
E = 2 (-2.499 + 0.1 15X
n )
n=l
where: E is annual evaporation in inches, and
X is mean temperature for month n in F.
Kendeigh (1973) gives the history of agricultural drain-
age in the Upper Sangamon watershed. Approximately 9
percent of the land area in the watershed above Allerton
Park was in functional drainage districts before 1908, 28
percent by 1920, 32 percent by 1929, and 50 percent at
present.
Results of regression analysis of the data for 1908-1912
and 1915-1970 show that 32.8 percent of the variance in
annual discharge for the Upper Sangamon River is account-
ed for by annual rainfall. When a combination of annual
rainfall and annual evaporation is used, 49.7 percent of the
variance is accounted for. If two years' annual precipitation
and evaporation data are used (that is, if the regression
calculations are based on annual discharge as the dependent
variable with precipitation and evaporation data for both
the corresponding year and preceding year as independent
variables), 56.7 percent of the variance is accounted for.
The data for amount of land in functional drainage districts
account for only 0.6 percent of the variance in annual
discharge when used alone and give no improvement when
added to the regression.
Available data account for only 57 percent of the
variance in annual river discharge. Much of the remaining
43 percent of the variance is probably due to other factors
such as the intensity, duration, and areal distribution of
individual storms over the watershed. These factors are
difficult to measure and are not ordinarily recorded by the
National Oceanic and Atmospheric Administration
(NOAA).
River-Stage Graphs
Graphs illustrating river stages in wet, dry, and typical
years are shown in Figures 2 through 5. Figure 2 illustrates
river stages during 1927, the year that had the most rainfall
of the period 1889-1973 (55.6 inches at Urbana). Floods in
1927 were not unusually high but were of long duration,
being above bank level most of the time from early
February to late June.
Figures 3 and 4 illustrate the effect of the severe
drought in the summer and fall of 1930. Rainfall was near
normal in 1931 but river levels' remained low, probably as a
result of depleted soil moisture after the drought.
Figure 5 shows river stages during 1935, which has
nearly normal rainfall both in amount and seasonal
distribution. The previous year had near normal precipita-
tion, so there was no unusual ground water effect on river
stages. Figure 5 is probably the best available representation
of a "typical" year during the period of record. It illustrates
the normal situation in which river stages are high in winter
and spring with several floods and low in late summer and
fall with few floods.
Autocorrelation Analysis
Variance spectral analysis (autocorrelation or auto-
covariance) is a useful tool for identifying the periodic
component and isolating it from the stochastic component
of time-series data (Curlin, 1970). An autocorrelation anal-
ysis of the river-stage data for the period from January 1,
1915, through December 31, 1973, was made in an attempt
to identify long-term cycles or trends.
Autocorrelation analysis of a time series of data consists
of calculating simple correlation coefficients between the
two continuous subsets X • and X • + , where i = 1 through
n - k. In this case, n = 21,550 days and calculations were
repeated for k = 14, 28, 42, ..., 9,100.
Correlations between river levels at integer multiples of
one year apart are highest (0.25 to 0.30), while those that
are out of phase by half a year are lowest (-0.25 to -0.30).
The only definite temporal cycle detected by autocorrela-
tion analysis was the normal yearly cycle. Long-term cycles
with periods if less than 25 years are either nonexistent or
too week to be detected by this method. Since the
correlations between river levels 25 years apart are as high
as those one year apart, it seems that there is no long-term
trend in river level patterns.
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Table 1. Duration and Year of Occurrence of Longest
Recorded Growing-Season (1 April through 30
September) Floods for Each Elevational Foot at
Allerton Park Bridge
Elevation, ft. Duration, daysa ' Year
628 88 1927
629 39 1908
630 34 1908, 1927
631 26 1927
632 20 1908
633 19 1908
634 10 1908
635 5 1943
636 4 1943
637 3 1943
638 2 1943
639 2 1943
a/
'Number of days continuously at or above the indicated
elevation.
Table 2. Cumulative River-Level Frequencies for the
Period of Record (1908-1973) at Allerton Park
Bridge
River Cumulative %
level Growing season Entire year
621.0 100.00 99.92
622.0 97.10 96.42
623.0 85.48 83.40
623.6 76.46 74.15
624.1 70.04 67.75
624.6 63.42 61.50
625.1 55.98 54.23
625.7 46.87 45.72
626.4 37.60 37.58
627.2 28.91 28.85
628.1 21.90 21.77
629.2 15.13 14.87
630.8 7.46 7.32
631.9 3.77 3.66
633.0 1.99 1.81
634.0 0.92 0.79
635.0 0.40 0.32
636.0 0.19 0.16
637.0 0.07 0.06
638.0 0.04 0.03
639.0 0.03 0.02
640.0 0.01 0.01
641.0 0.01 0.01
642.0 0.01 0.01
The Illinois Agricultural Experiment Station provides equal opportunities in programs and employment.
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TREE SAMPLING SYSTEMS FOR THE RAPID MEASUREMENT
OF FORESTED AREAS FOR ENVIRONMENTAL IMPACT ANALYSIS 7
Stanley K. Sipp and David T. Belr
One of the most time-consuming aspects of environ-
mental impact assessment is the sampling of the vegetation
of the potential impact zone. An accurate sampling system
that can be carried out with minimal time and staff is
highly desirable in this specialized environmental field.
Forest areas associated with potential impact zones are
often most influential in determining the environmental
acceptability of a proposed construction activity. Forests
are highly valued in the public sector as recreation and
conservation sites, and an accurate determination of the
forest composition and structure is most important. The
most important parameters for determining forest compo-
sition and structure are diversity, distribution, stand den-
sity, and dominance or basal area density.
Terminology
Diversity is an indication of the number of species
inhabiting a site. In general, species diversity increases with
progress toward less severe environments (Whittaker, 1970).
In theory, in a more diverse system a change affecting a
single species will have less impact on the total ecosystem.
However, diverse ecosystems are more likely to be inhab-
ited by species with limited ranges of tolerance to gradients
of environmental factors, so a change in conditions may
have a relatively greater impact on a particular species.
Species distribution is reflected in a map of vegetation
types. The associations of species are dependent on the
tolerances of the individual species to stress occurring at the
site. Particular species inhabit sites because they can tol-
erate the combination of limiting factors present at the
time. The associations may change over time because of
changes in the combinations of limiting factors. These
changes may be caused by numerous factors; man's activi-
ties, climatic change, natural catastrophes like fire or
disease, and ecological succession are among the major
causes of changes in species associations.
Stand density and dominance are complementary val-
ues. Density is the number of individuals of a species
inhabiting an area. This value alone may or may not reflect
the importance of that species' contribution to the forest.
For example, by considering only density, two species
might appear to be of equal importance in a stand; yet,
when dominance, the basal area of the species, is also
considered, one species may contribute only an
insignificant amount to the total basal area while the other
species may be extremely important. Therefore, both para-
meters should be considered to make a sound judgment of
ecological significance of a species.
Basal area is the total area occupied by the stumps of all
measured trees if a cross-section is taken at the point of
measurement. Normally, this point is breast height, defined
to be 4.5 feet above ground level. Basal area is usually
expressed in square units per unit area, such as square feet
per acre or square meters per hectare. To calculate basal
area, the trees are assumed to be circular in cross section.
The formula for calculation of the area of a circle (area = 7T
2 2
r ) is usually reduced to area (in square feet) = .005454 D ,
when D equals diameter in inches. The corresponding
formula for metric units is area (in square meters) =
.0000785 D , when D = diameter in centimeters.
METHODS
Data from forest sites in the Sangamon River valley
mapped for the Springer-Sangamon Environmental Re-
search Program (Bell, 1972; 1974) were used in a computer
simulation study to compare the sampling systems and to
determine which combination of sample techniques could
provide both accuracy and speed of execution. The data
from these intensive forest research sites were manipulated
in an IBM 360/75 computer.
Sample Systems
The sampling systems tested were (1) circular plot with
a 25-meter fixed radius and (2) point sampling with variable
plot radii.
The circular plot method is a simple, straightforward
technique. A plot center is chosen and all trees within a
25-meter radius of the center are tallied by species and
diameter. The data are summarized to obtain basal area per
unit area and number of stems per unit area by species.
Point sampling uses an angle gauge or prism of a given
basal-area factor to determine which trees are sampled.
Detailed discussions of the theory and practice of point
sampling may be found in Avery (1967). This method
samples on a basis proportional to basal area so that the
probability of a tree's inclusion in the sample is proportion-
al to its basal area. For this reason, the point sample system
Research supported by funds from the Illinois State Division of Waterways and U.S. Army DACW 23-73-C-0020 under the
auspices of the Illinois Agricultural Experiment Station.
'Assistant Forester and Forester.
used in this test employed two prisms of different basal-
area factors. Understory trees were sampled with a smaller
factor prism (BAF 1 , in metric units) than the trees forming
the canopy (BAF 4). This modification was used because
many of the smaller trees are species that typically occur in
the understory. If a single-factor prism cruise were made,
either an excessive number of trees would be sampled with
a small factor prism or many understory species would not
be sampled with a larger-factor prism. The trees included in
the sample are tallied by species and the count is multiplied
by the basal-area factor constant for the angle gauge or
prism being used to determine basal area per unit area.
RESULTS
A comparison of the sampling methods is shown in the
table. The basal area samples from the circular plots were
not significantly different from the transect computations.
The circular plots contained about one less species per plot
than the transect points; however, all species represented in
the transect data occurred in the circular plot samples. The
basal area determinations from the point sampling method
were not significantly different from either the actual
transect data or the circular plot sample data. The number
of species sampled by the point sampling technique was
about 50 percent of the actual number of species; however,
these species included approximately 80 percent of the
basal area indicated by the transect data. Although not
given in the table, the tree count by point sampling
indicated an average of 7.5 trees of dominant, codomi nant,
and intermediate crown classes and 2.5 overtopped trees
per point.
DISCUSSION
The sampling methods generally performed as expected
when they were compared. There is little difference when
total basal areas are compared; however, numbers of ob-
served species are considerably less when determi ned by the
point sampling technique.
The fairly large difference in density between the
transect and fixed radius plot may be caused by an
underestimation of the mapped transect areas. The tree
counts of the prism factors used in the point sampling are
somewhat in opposition. The larger-factor prism has a
nearly ideal tree count of 7.5, which is within the recom-
mended range of 5 to 12 (Avery, 1967); however, the
understory tree count is rather low, which would indicate
that a yet smaller basal-area factor is necessary for an
adequate count in this situation. It must be stressed that
modification of basal-area factor combinations may be
necessary at other locations to obtain desirable tree counts.
CONCLUSIONS
The point sampling method is able to sample stands for
total basal area as well as fixed plot methods. Point
sampling alone, however, is not a good indicator of diver-
sity or density. The fixed radius plot indicates diversity and
density as well as dominance but is much more time
consuming than point sampling.
To use point sampling in environmental impact assess-
ment, the best method appears to combine this method
with the fixed radius plot method. A type map indicating
species distribution should be used to facilitate the sam-
pling of each species association. Several point samples can
be used rapidly to determine dominance within a type, and
a relatively few fixed radius plots identifying species and
counting the number of stems can be used to determine
density and diversity.
After all of the field data have been collected, a master
type map of the project area including diversity, distribu-
tion, density, and dominance can be superimposed on a
contour map of the project area. Determination of impacts
in the forest community can be attempted at this point and
potential affected areas of each forest type can be mapped.
The determination of impacts, however, depends strongly
on the physiological tolerance of the species of the forest.
Because of the state of the knowledge of the physiology of
the species involved, these tolerances may not be fully
understood and the resulting impact analysis may suffer.
The first step in environmental impact analysis, however, is
the determination of the structure and compositional as-
pects of the vegetational community; the suggested system
of sampling can provide an accurate assessment of the
forest community with a minimal expenditure of time,
money, and personnel.
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Comparison of Data From the Complete Transect Sample, the Circular Plot Sample, and
the Variable Plot Radii Point Sample
Transect Circular plot
Sampled area (ha)
Mean no. of Trees/ha
Mean basal area (m^/ha)
Mean no. of species/plot
Total no. of species observed
Percent of basal area represented
Point sample
.30076
.19635 variable
377.7 442.1
27.06 26.67 31.03
9.48 8.31 3.17
31 31 15
100 97.94 81.74
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STRUCTURAL ASPECTS OF THE JOHN M. OLDWEILER FOREST
SITE OF THE SPRINGER-SANGAMON ENVIRONMENTAL RESEARCH PROGRAMi
David T. Bell 2
The John M. Oldweiler Forest study site of the
Springer-Sangamon Environmental Research Program (Bell,
1972) occupies a portion of an 80-acre plot of forested land
on the Sangamon River south of Argenta in Macon County,
Illinois. The research site lies within the zone of the
Sangamon River basin that will be significantly altered by
construction of the William L. Springer Lake Project of the
U.S. Army Corps of Engineers and the State of Illinois. The
Oldweiler Forest study site is located on the north bank of
the Sangamon River near the abandoned Coulter's Mill
Bridge in Sec. 24, T17N, R3E, 3rd P.M. (39°55'N,
88° 40'W). The study area of the forest begins at the river's
edge and encompasses a large area of flood plain before
beginning a moderate sloping rise into the upland forest
areas of the property. The major objective of the study of
the Oldweiler Forest area has been to document the
relationship of the tree species distribution to the flooding
regime of the river and to provide a permanently marked
study site for other biological research programs.
METHODS
Field Site Sample
Two transects were established, running from the
stream edge, across the flood plain, and into the adjacent
upland. A total of nine 30-m-radius sampling plots were
located along the transect lines. Every tree with a DBH of
4.0 cm or more within the sampling plots was tagged with a
numbered aluminum tag and located as to distance, direc-
tion, and elevational difference from the plot center points.
Tree diameter at 1.5 m, crown class, vigor, and condition
were recorded for each tree. Elevations of the plot center
points were determined from bench mark data supplied by
U.S. Army Corps of Engineer Oakley Reservoir Project
maps prepared in 1963. The elevation of each tree was then
determined from these data.
Calculations
Structural aspects of the forest were determined on the
basis of one-foot increments in elevation of the vertical
dimension of the forest. Structural parameters of the
Oldweiler Forest Site were determined for species diversity,
distribution, density, dominance, and importance value
(sum of relative density and relative dominance). Deter-
mining these parameters allows comparison with the verti-
cal gradient of environmental parameters and with the
estimate of the validity of the coenocline developed for the
Allerton Park Study Sites (Bell, 1974).
Cumulative flood-frequency curves for the Oldweiler
Properties were obtained from the Water Resources Data
for Illinois surface water records for the period of record,
and a stage-discharge curve was developed from data on
maximum and minimum readings supplied by the U.S.
Geological Survey, 1951-1972.
RESULTS
Among the 1,482 trees sampled in the Oldweiler Forest
Study Site were a total of 28 tree species (Table 1). The
species range over elevations from 614.34 feet (on the bank
of the Sangamon) to a maximum of 658.86 feet. The
composition for the lowest elevational increment inhabited
by trees species consisted of only three species and gave a
low Shannon diversity index of 1.359. Acer saccharinum
(silver maple) was the leading dominant with Salix nigra
(black willow) and Platanus occidentalis (sycamore) making
up the remainder of importance values.
The number of species in the increments increases with
increasing elevation. Acer saccharinum remained the leading
dominant up to an elevation of 617 feet, at which point it
was replaced by Ulmus americana (American elm). Celtis
occidentalis was the third leading dominant between 617
feet and 618 feet but became the leading dominant at one
foot higher elevation (between 618 and 619 feet). The
species diversity was greatest at this elevational increment
with a Shannon diversity index of 3.322. Dominance of the
increments above 619 is passed to the oaks with Quercus
alba (white oak) making up a larger portion of the com-
munity than Quercus velutina (black oak) or Quercus rubra
(red oak). A gradient of community structure values is
apparent in the gradual turnover of species according to
elevation from the streamside to the upper levels of the
Oldweiler Forest Study Site. The distribution of individual
species shows a response to the streamside elevational
gradient similar to that documented for the streamside
forest in Robert Allerton Park (Bell, 1974).
The tree species gradient was compared with the
gradient of flood frequencies by using data from the Oakley
Bridge approximately one mile upstream from the Old-
weiler Study Site (Table 2). The maximum elevation
recorded on the Sangamon River at the bridge about 3
miles north of Oakley and 2.4 miles downstream from
Friends Creek was 624.85 feet, according to a floodmark
after the flood on May 18-19, 1943. The maximum
recorded discharge of 15,300 cfs at an elevation of 621.85
feet was recorded May 9, 1961. The incomplete record and
the rating curve determined from a minimum number of
entries makes the determination of the flood-frequency
1 Supported by funds from the Illinois Division of Waterways and U.S. Army DACW 23-73-C-0020 under the auspices of the
Illinois Agricultural Experiment Station.
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gradient somewhat suspect. The gradient does, however,
seem to provide additional credence to the vegetation-
flooding relationship derived for the Allerton Park Section
of the Sangamon. There, Quercus velutina, Carya ovata
(shagbark hickory), and Prunus serotina (black cherry) were
observed to occur only in areas completely free of any
flooding. Flooding restricts the distribution of the species
of the upper portion of the transect at an elevation of
approximately 622 feet (0.3-percent flood frequency).
Celtis occidentalis and Ulmus americana in the central
sections of the elevational transect tolerate approximately
3- to 5-percent flood frequency. Lower elevations with
higher cumulative percentages are again dominated by Acer
saccharinum. Exact correlation to the distribution of
flood-frequency levels is not as easily accomplished at the
Oldweiler Study Site because the backwater influence of
Lake Decatur influences the hydrologic record of flooding
events in the lower and medium flows of the river. The use
of only the higher discharges gives somewhat higher
cumulative percentages for the upper-level readings than
actually occur.
Further development of the hydrologic gradient is
needed to more strongly determine the relationship
between the hydrology of the Sangamon River and the
vegetation of the streamside forest. Indications from the
current study, however, strongly support the use of fre-
quent flooding events as the major determinant of the
vegetation gradient at the edge of the streamside forest.
LITERATURE CITED
Bell, D.T. (1972). How a dam may affect the environment.
Illinois Research 14(3):10-11.
Bell, D.T. (1974). Tree stratum composition and distribu-
tion on the streamside forest. Amer. Midland Natur.
92:35-46.
U.S. Geological Survey (1951-1972). Water Resources Data
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Table 2. Rating Table for the Sangamon River Near Oakley.
Data Produced From Discharge and Gauge Height
Information From the Water Resource Data for
Illinois Publications From Period of Record
1951-1972.
Total
Discharge days in Cumulative Elevation
(cfs) class percent feet
0-109 884 100.00 <612.7
110-159 154 76.967 612.8-613.2
160-229 225 72.955 613.3-613.4
230-329 384 67.092 613.5-613.8
330-469 447 57.088 613.9-614.3
470-679 389 45.440 614.4-614.8
680-989 376 35.305 614.9-615.2
990-1,399 332 25.508 615.3-615.9
1,400-2,099 307 16.858 616.0-615.5
2,100-2,999 207 8.859 616.6-617.1
3,000-4,299 83 3.465 617.2-617.9
4,300-6,199 33 1.303 618.0-618.8
6,200-8,999 4 0.446 618.9-619.8
9,000-12,999 10 0.339 619.9-621.0
13,000-18,999 2 0.078 621.1-621.9
19,000-30,000 1 0.003 622.0
Total 3,838
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DISCUSSION
The growth reductions observed under flood conditions
previously (Hosner, 1961; Loucks and Keen, 1973) can be
attributed at least in part to the reduction in the process of
photosynthesis. The rather severe reduction in net assimila-
tion rates that results when seedlings are completely inun-
dated implies that, even in a species occurring naturally in
flood-plain environments, net photosynthesis rates are af-
fected by flooding conditions in the seedling stage. Reduc-
tion in rates of CO2 assimilation during periods of inunda-
tion are reflected in seedling survival. The low survival rate
under natural conditions has been pointed out in an
underrepresentation of numbers of individuals in the lower
size classes (Johnson and Bell, 1975). The normal number
to overabundance of individuals in larger size classes implies
Acer saccharinum
D. Complete inundation
2 4 6 8 10
TIME (days)
Net photosynthetic rates determined for seedlings of Acer
saccharinum under conditions of (A) soil saturation and (B)
complete inundation. Statistically significant linear regres-
sion lines were fitted to each set of values. Correlation
coefficients for A and B were -0.77 and -0.83, respectively.
extraordinary survival of saplings or large populations of
seedlings during occasional years.
Ideal conditions for establishment of silver maple in the
flood-plain environment seem to include (1) bare mineral
soil available with adequate moisture in the two weeks
following seed fall to insure seed germination, (2) adequate
soil moisture without extended periods of soil saturation or
flooding to insure plant establishment, (3) successful over-
wintering, and (4) spring floods of minimal duration to
insure that established seedlings are not over-topped by
floodwaters for extended periods of time. First-year seed-
ling mortality seems to be mostly a function of the direct
influence of the response of the species to the physical
environment rather than the limiting effect of modification
of the physical factors by competition pressures of neigh-
boring plants.
The basic responses of the species of the streamside
forest to the factors of the environment is an essential step
in the development of a complete understanding of the
dynamics of the streamside forest ecosystem. Further study
is urgently needed in the physiological ecology of the
species of the streamside forest.
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A STUDY OF DISPOSAL OF LIQUID LIVESTOCK WASTE ON
AGRICULTURAL AND FORESTED WATERSHEDS 1
R.W. Zimmerman, G.L. Rolfe, and L.E. Arnold^
The Department of Agricultural Economic Resources
Service (ERS) has stated that "about 49,000 fed-beef
operations in 1 8 major beef feeding states have point-source
surface water control problems"; 10,000 of these opera-
tions exceed 100-head capacity (1). Each individual animal
in these feedlots can be expected to produce, on the
average, 70 pounds of waste daily; approximately one-third
of this is liquid (2). These wastes contain high levels of such
nutrients as nitrogen, potassium, phosphorus, and calcium
(3). Rainfall runoff from feedlots may contain pollution
concentrations 10 to 100 times that of raw municipal
sewage: in terms of BOD (Biochemical Oxygen Demand), a
feedlot of 10,000 cattle has the pollution potential of a city
of about 150,000 people (4). Even considering that only 5
to 10 percent of the runoff from a feedlot will ever reach
surface water, this is enough to present some environmental
problems. Many fish kills, incidences of oxygen depletion,
and eutrophication have been attributed to poor waste-
management practices (2).
The most widely accepted solutions to date have cen-
tered on the construction of holding ponds or lagoons to
contain runoff until it can be applied to crop land.
However, holding ponds must be emptied frequently in
order to maintain adequate reserve capacities. To utilize the
ponded runoff, it is necessary to have expensive pumping
and spreading equipment. Another drawback inherent in
this approach is the potential danger of a major storm that
would fill a lagoon beyond its capacity.
It is the purpose of this study to examine the possibility
of utilizing a forested or agricultural watershed to inexpen-
sively dispose of runoff by means of a simple gravity-flow
system. Two types of watersheds will be studied: an
agricultural grassland and a dry-site, oak-hickory forested
watershed. To determine the efficiency of various types of
vegetative cover in filtering and utilizing the added nu-
trients, emphasis will be placed on long-term changes within
the watersheds and changes in the water quality of drainage
water. The benefits of this form of waste disposal may be
twofold: it should be environmentally safe and allow
maintenance of high water quality, and the watershed's
increased nutrient and moisture status should lead to
increased growth and productivity within the watershed.
THE STUDY AREA
The study area is located near the Dixon Springs
Agricultural Center (DSAC) in southern Illinois. A concrete
feedlot with a maximum capacity of 200 beef cattle has
been constructed near a meadow and a forest watershed.
A diagram of the experimental design is shown in
Figure 1. The area per watershed is 1.5 acres. The meadow
has been planted with fescue; dry-site oak-hickory domi-
nates the forest vegetation. Two ponds (.8 acres each) have
FEEDLOT LThE LIBRARY OF THE
TOR 13 1975
B fe^TVOF.aiNO.S
Figure 1. (A) baffling system for even distribution of run-
off; (B) water sampling station 1, samples feedlot
runoff; (C) water sampling station 2, samples flow
from watershed; (D) water sampling station 3,
samples pond; (E) diversion channel and reservoir;
(F) soil-moisture and temperature stations; (G)
catch baffle for surface and subsurface flow from
watershed.
*This research is supported by Mclntire-Stennis Project 55-345 and Hatch 55-344.
^Research Assistant, Assistant Professor, and Forester.
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been constructed, one at the base of each watershed to
intercept all runoff from each watershed. To define
sampling points on the study area, a 50-foot grid system has
been established.
SAMPLING AND MEASUREMENTS
Soil samples, taken at depths of to 3 inches and 3 to 6
inches, will be chemically analyzed for nitrogen, phos-
phorus, calcium, potassium, and magnesium. Each water-
shed will have eight soil-moisture and temperature stations
and three water-sampling stations; one water-sampling sta-
tion will be at the top of each watershed to measure and
sample runoff flow from the feedlot to the watershed, a
second will sample and measure surface and subsurface flow
from the watershed before the flow enters the pond, and
the third will sample the pond at fixed time intervals. Each
sampling unit consists of a compound V-notch weir, a catch
basin from which samples are taken, and a sampling unit
that takes samples at a rate proportional to input flow. The
soils on these watersheds are either shallow to bedrock or
contain fragipans so that accurate subsurface flow measure-
ments are possible with a minimum of water loss before
measurement.
The forest watershed has been inventoried and 72 trees
representing a cross section of the stand have been system-
itically selected to be used for weekly microdendrometer
readings. Leaf, twig, wood, and bark samples have been
taken for chemical analysis. Twenty-four permament mil-
acre plots have been established to monitor changes in
herbaceous vegetation. Two post oaks and two hickories
were fitted with recording dendrographs so an overall
growth pattern of the stand could be determined. Moni-
toring forest growth will determine vegetational response to
the added nutrients and moisture from the feedlot.
To determine if species changes will occur because of
any inhibitory effects of the feedlot runoff on the
germinative capacity or seedling growth of certain specie
supplemental greenhouse studies will be conducted. Tli
studies will include germination, growth, and surviv;
studies of major tree species found in southern Illinoi
under varied concentrations of liquid waste application.
CONCLUSION
The EPA has tentatively proposed that there be zei
discharge into waterways from feedlot operations by ti
mid-1970's (1). Unfortunately, our study will be reachir
only a few conclusions about short-term effects by th
time, since long-term ramifications may require sever
years to become evident. During the initial year (1975) th
study will be conducted without runoff applications so th:
relatively complete baseline information on normal growtl
soil-moisture levels, and nutrient status of soil and veg
tation can be obtained and allow future comparisons. It
anticipated that the approach used in this study will allow
critical evaluation of at least one possible solution to tl
waste disposal problem.
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PRODUCTIVITY AND ORGANIC MATTER DISTRIBUTION IN A
PINE PLANTATION AND AN ADJACENT, OLD FIELD^
R.F. Fisher2
,
G.L. Rolfe3 , and R.P. Eastburn4
ABSTRACT
An old field in southern Illinois contained more soil
organic matter than an adjacent pine plantation, despite the
fact that the plantation annually returned more organic
material to the forest floor. The higher decomposition rates
for organic matter in the forest appear to be due to higher
micro-floral and meso- and micro-faunal populations, plus a
more favorable moisture regime in the forest for the
activity of these organisms. This activity may also account
for the forest soil having a bulk density lower than that of
the soil in the old field.
INTRODUCTION
Differences in the quantity of organic matter in soils
developed under different vegetation types have long in-
terested soil scientists [Jenny, 1941], Although several
authors [Coile, 1940; Ovington, 1956] have reported that
coniferous plantations increase the quantity of organic
matter in depleted agricultural soils, we have observed that
the soil from an old field in southern Illinois contained
more organic matter than the soil from an adjacent pine
plantation established on an old field. This is further
supported by the work of Rolfe and Boggess [1972]. In
order to investigate this phenomenon, we measured the
productivity, organic matter distribution, and microbial and
meso- and micro-faunal populations in a twenty-year-old,
loblolly pine (Pinus taeda L.) plantation and an adjacent,
old field of a similar age that is dominated by Andropogon
virginicus L. and Solidago altissima L.
The study was conducted at the University of Illinois
Dixon Springs Agricultural Center in the Shawnee National
Forest in southern Illinois. Loblolly (Pinus taeda L.) and
shortleaf pine (Pinus echniata Mill.) were planted in 1949 at
8- by 8-foot spacing, as part of an experiment to determine
the effect of spacing on tree growth. The soil underlying
both the plantation and the field is of the Grantsburg series
(ochreptic typic fragiudalf), which has a moderately de-
veloped fragipan at approximately 30 inches. The amount
of surface erosion was similar on both sites. The area
involved in the study was abandoned in the early 1940's,
and can be assumed to have had similar treatment since that
time, with the obvious exception of the pine planting on
approximately 70 percent of the total area in 1949.
METHODS
Nine trees with diameters approximately the same as
the tree of the mean basal area were felled, and their dry
weights were determined to obtain an estimate of the
above-ground biomass (A.G.B.). For two consecutive years,
the weight of the Utter layer in the forest and the weight of
all above-ground organic material in the old field was
sampled on 0.5-m square plots. Twelve plots were sampled
in each vegetation type in April and again in October. On
the same dates, root mass was sampled randomly on 12,
adjacent plots in each type, 0.5-m square by 46-cm deep.
The entire soil volume was removed from the field and the
roots separated, dried and weighed. Soil samples were taken
within each horizon throughout the 46-cm depth on each
plot on the same dates. These samples were analyzed for
organic matter by wet combustion. Studies were also
undertaken in other pine and old-field locations with
similar results.
In the field, annual productivity was measured by direct
sampling of the above- and below-ground biomass in the
spring and fall of two consecutive years. In the forest, root
and litter production were sampled in a similar manner. The
average, annual wood production was determined by di-
viding the total tree biomass, minus current foliage, by the
stand age. Litter decomposition was measured on screened
plots, and root decomposition was estimated from periodic
root samples (as described previously).
The micro-floral and micro-faunal populations in the
two areas were sampled in May and again in July. Earth-
worms were screened from three plots 0.5-m square by
20-cm deep in each type. Soil samples were collected on
two plots 0.25-m square by 5-cm deep in each type, and
were divided into two equal portions. Arthropods were
extracted from one portion of soil in Berlese funnels, while
nematodes were extracted from the remaining portion using
an aqueous extraction method [Kevan, 1962]. The nema-
todes and arthropods were counted, and the arthropods
were classified to orders or families when possible. Bacteria,
Research supported by the Illinois Agricultural Experiment Station. Portions of this paper were presented before Div. S-7,
Soil Science Society of America, Tucson, Arizona, Aug. 25, 1970, and New York City, Nov. 17, 1971.
Associate Professor, Faculty of Forestry, University of Toronto, Toronto, Canada.
^Assistant Professor, Department of Forestry, University of Illinois at Urbana-Champaign.
Research Assistant, Delaware Agricultural Experiment Station, Newark, Delaware.
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actinomycetes, and fungi were determined by using soil-
dilution and plate-counting techniques. Dilutions were run
in duplicate on three composite samples from each vegeta-
tion type. Each composite was made up of 10 cores, 3 cm
by 5 cm, randomly selected.
To estimate the degree of decomposition and humifica-
tion, soluble carbon was determined by the method of Hu,
Youngberg, and Gilmour [1972] . This analysis was carried
out on 25 samples of each of L, F, and Ap horizon taken
from the forest and 25 samples of the Ap horizon from the
old field during the early summer of the first year of the
study.
RESULTS AND DISCUSSION
The above-ground biomass (A.G.B.), Utter, root mass,
and soil organic matter (O.M.) in the forest and old field are
shown in Figure 1. The dashed line in that figure shows the
average, annual above-ground production in the pine. The
amount of organic material above ground, in roots, and in
the litter layer in the forest is nearly ten times that in the
old field, but the field has significantly (p<0.05) more soil
organic matter than the forest. Since the biomass of the
forest represents more than one year's growth, the average
annual biomass production both above and below ground
was determined. This is shown in Table 1
.
Table 1. Average, Annual Productivity and Decomposition
in a Loblolly Pine Plantation and an Adjacent, Old
Field
Average annual amount (kg/ha)*
Source Forest Field
Above-ground biomass 11,300* 3,400
Root biomass 7,500 2,300
Total biomass 18,800 5,700
Litter fall 4,500 3,400
Litter decomposition 3,700 3,400
Root decomposition 3,500 2,200
Total decomposition 7,200 5,600
Net organic accumulation 11,600 100
*A11 differences between forest and field are significant at
the 5% level.
These data indicate that the average, annual production
in the forest is more than three times that in the old field,
while the average decomposition of organic matter in the
forest is only 1.3 times that in the old field. This difference
leads to the large standing crop in the plantation, and has
often obscured the fact that more organic decomposition
takes place in the forest than in the field. It is true that the
forest builds a more humus layer, but more than 80 percent
of the annual litter fall decomposes each year.
250,000r
200,000
I50.0OO-
- 100,000-
50000
ABOVE
GROUND
BIOMASS
LITTER
ROOTS
O.M.
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PINE FIELD
Figure 1. Above-ground biomass, litter, root mass, and soil
organic matter in an adjacent, loblolly pine plantation and
an old field.
We have often thought of forests as losing little root
biomass to the soil; but in our pine stand, 47 percent of the
annual root production, or 3,500 kg/ha, was estimated as
decomposing annually. This represents 1.6 times as much
organic matter as was added to the soil in the old field
roots. So we see that there is a great deal of organic
material decomposed in the forest, but little is added to the
upper mineral layers of the soil.
In order to ascertain if this difference in the fate of
organic material was due to the type of biologic activity,
the micro-floral and meso- and micro-faunal populations
were sampled.
The nematode population was insignificant in both
vegetation types. However, the earthworm population in
the two types averaged 128 g/m^ in the spring. In the
summer, however, there were 80 g/m^ of earthworms in the
forest and no worms at all in the upper 46 cm of the
old-field soil.
The decrease in the earthworm population in the old
field during the summer may be due to moisture condi-
tions. The surface of the soil in the old field became very
dry by late June, but the soil immediately below the litter
layer in the forest stayed reasonably moist until late July.
The soil arthropod population data are shown in Table
2. There was no significant difference between the spring
-3-
and summer sample of arthropods (p<0.05). The total
number of arthropods is greater in the forest (p<0.05). In
addition, the proportion of the population that is her-
biverous (collembola, protura, herbiverous mites, and insect
larvae) is much higher in the forest (p<0.05). This, coupled
with the prolonged period of suitable moisture at the
mineral soil-litter interface, could easily lead to greater
decomposition of organic matter in the forest.
Table 2. Soil Arthropods in a Loblolly Pine Plantation and
an Adjacent, Old Field
Organisms/m2 in
the upper 5 cm of soil
Arthropod group Forest
Collembola 5,830*
Protura 1,610*
Predatious mites 6,690
Herbiverous mites 6,450*
Insect larvae 600*
Field
2,850
124
6,690
2,850
250
* Significantly larger at the 5% level.
Estimates of the populations of bacteria and actinomy-
cetes varied little from spring to summer, or from forest to
field. The bacteria and actinomycetes numbered approxi-
mately 1.5 x 106 and 0.9 x 10^ per gram of dry soil,
respectively. The fungal population also showed little sea-
sonal change; however, there was a large difference between
forest and field. The field soil produced dilution series
counts of approximately 5 x 10^ colonies per gram of dry
soil, while the forest soil contained approximately 5 x 10^
colonies per gram of dry soil. Consequently, there is a much
larger potential for microbial degradation of organic matter
in the forest. Coupled with the probability of a longer
period of activity at the litter-soil interface in the forest,
this could lead to the greater consumption of organic
matter there.
The data from the soluble, or readily oxidizable, carbon
analysis confirm that we are dealing with a system in which
rapid decomposition takes place (Table 3). The levels of
soluble carbon in the Ap horizons closely parallel the
amounts of total organic carbon. Comparing the values for
the L and F layers in the forest with those of Hu,
Youngberg, and Gilmour [1972] indicates that by June, a
great deal of the previous season's organic input has already
been decomposed.
It is interesting to speculate that the decreased bulk
density of the soil under pine plantations on old fields may
be due to the activity of decomposers, rather than to a
direct incorporation of organic matter [Rolfe and Boggess,
1972]. We observed a bulk density of 1.13 g/cc in the
forest versus 1.37 g/cc in the field, while the field soil
showed a significantly higher organic-matter content [Rolfe
and Boggess, 1972].
The number of floral and faunal organisms coupled
with the possibility that these organisms may remain active
longer under the moisture regime in the forest indicate
clearly why more organic matter is decomposed annually in
the forest than in the field. This, however, does not help
much in explaining the different organic-matter levels in the
soil. One can only suppose that the decomposition carried
out in the forest predominantly by micro-arthropods and
fungi leads to organic compounds that are more mobile
than those produced by the largely bacterial decomposition
in the field; or perhaps the forest system simply reduces
more of the substrate to C02, which is lost as a gas. Only
further research can answer this question, but it is clear that
the pine plantation ecosystem produces a greater energy
flow, which leads directly and indirectly to many beneficial
changes in the abiotic as well as the biotic components of
the system.
LITERATURE CITED
Coile, T.S. 1940. Soil changes associated with loblolly pine
succession on abandoned agricultural land on the Pied-
mont Plateau. Duke Univ. School of Forestry Bull.
5:1-85.
Hu, L., C.T. Youngberg, and CM. Gilmour. 1972. Readily
oxidizable carbon: an index of decomposition and
humification of forest litter. Soil Sci. Amer. Proc.
36:959-961.
Jenny, H. 1941. Factors of Soil Formation. New York City.
McGraw-Hill. 281 pp.
Kevan, D. 1962. Soil Animals. London. H.F. & G.
Witherby. 237 pp.
Ovington, J.D. 1956. Studies on the Development of
Woodland Conditions under Different Trees. IV. The
ignition loss, water, carbon and nitrogen content of the
mineral soil./. Ecol. 42:71-80.
Rolfe, G.L., and W.R. Boggess. 1972. Soil conditions under
old field and forest cover in southern Illinois. Soil Sci.
Amer. Proc. 37:314-318.
Table 3. Readily Oxidizable, or Soluble, Carbon in a Lob-
lolly Pine Plantation and an Adjacent, Old Field
Site Layer
Field Ap
Forest L
F
Ap
Mean
Standard
deviation
MgC/g
5.1* 0.9
19.1 3.9
12.3 2.1
4.6 1.8
*Each value is the mean of 25 observations.
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GERMINATION OF Quercus alba L. FOLLOWING FLOOD CONDITIONS 7
David T
The inherent ability of a plant species to tolerate the
stresses of the physical and biotic environment is reflected
in the geographic and topographic distribution of the
species. Through the life history, each individual of the
species must survive a varying complex of environmental
factors. If representatives of a species are not found in an
area, disseminules may not have reached that habitat. It is
more probable that conditions within the habitat were not
suitable for the survival of the individual during some
period in the life history of the plant.
To find the habitat factors that restrict the distribution
of a species, it is appropriate to explore the factors of the
environment at the edge of the natural range of the species.
Insights gained about the natural limits of tolerance can
serve to direct the design of a laboratory study to help
determine the physiological limits of the species. Correlat-
ing the laboratory-study limits with those in the natural
environmental would further elucidate the causes of the
limited distributions of plant species.
Geographically, Quercus alba L. (white oak) is one of
the most widely distributed of the tree species in the
eastern deciduous forest [Little, 1971]. It is a dominant
member of the Oak-Hickory Forest Region of the East-
Central United States [Braun, 1967]. Although widely
represented geographically, white oak is found only in the
upland, well-drained areas of the forest. In the streamside
forests of Illinois, white oak is restricted to the portion of
the forest coenocline that receives very little or no flooding
[Bell, 1974a and 1974b; Bell and Sipp, 1974] . Of interest
is the physiological reason why Q. alba is restricted in its
natural range to areas free of flooding.
Acorn dispersal in Q. alba occurs in the early fall, and
germination usually follows almost immediately [USDA,
1948] . Germinated seeds that successfully overwinter com-
plete seedling establishment the following spring. Rapid
growth occurs under the moist, warm condition of the
deciduous forest in summer. A high light regime appears to
be beneficial to Q. alba seedling growth. White oak is a
relatively long-lived species in the streamside forest, reach-
ing several hundred years of age and occasionally growing
to a height of 150 feet [USDA, 1948]
.
Bell2
The response of Q. allxi seedlings to drought stress has
been the subject of previous physiological experimentation
[Wuenscher and Kozlowski, 1971]. Few articles, however,
have been directed to the response of Q. allxi to flooding.
Under artificially flooded conditions around impound-
ments, mature individuals of Q. alba have been observed to
survive at least 70 days of continuous flood in central and
southern Illinois [Bell and Johnson, 1974]. The effects of
saturated growing conditions on the earlier stages of the life
cycle, however, have not been observed under experimental
conditions.
The objective of the current study is to document the
response of Q. alba germination to inundation. This study is
part of the Springer-Sangamon Environmental Research
Program, a multi-disciplinary research effort concerned
with the total ecosystem of the Sangamon River Basin in
east-central Illinois and the effects of flooding regimes
under natural conditions prior to construction of the
proposed William L. Springer Lake Project [Bell, 1972]
.
METHODS
Quercus alba acorns were collected from an upland site
in Robert Allerton Park [Boggess and Geis, 1967] on
September 19, 1974. Flats of loam soil and pearlite were
used as seed beds. Groups of thirty acorns were planted in
triplicate for each treatment. Each germination flat was
maintained at field capacity in the dark under greenhouse-
maintained temperatures of approximately 21° C. Control
aliquots were planted directly into the seed beds on
September 20, 1974. The treatment lots were placed in No.
10 steel cans, filled with tap water, and covered with cheese
cloth. The water in each lot was changed daily until sowing.
The flood treatment included (control), 1, 2, 3, 4, 5, 6, 8,
10, 13, 15, 17, 20, 25, and 30 days. After 10 days under
seed-bed conditions, the acorns were carefully unearthed
and washed. Germination was determined as the protrusion
of the radicle from the split pericarp. Root and shoot
growth was measured for each germinating acorn. The total
weight of the excised root and shoot tissue was measured
for each sample, and dry weights were determined after air
drying.
Research supported by funds from the Illinois State Division of Waterways and U.S. Army DACW 23-73-C-0020, under the
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RESULTS
With increasing flood-treatment length, a decrease in
the magnitude of each physiological response measured was
recorded. Germination percentages for the planted control
acorns were extremely high, with only 1 acorn out of 90
failing to germinate. From the 99-percent germination
achieved for the control plantings, a reduction in germina-
tion percentage was observed with increasing flood treat-
ment lengths (Figure 1A). The total growth exhibited by
the samples of Q. alba was also reduced as the flood-
treatments length increased. When the growth values for
total dry-weight production (Figure IB), total sample shoot
(Figure 1C), and root (Figure ID) were compared to
control data, a similar trend was observed. Root growth and
dry-weight production decreased rapidly, with the values
dropping to less than 50 percent of those for the control
plants after only 3 days of submergence. After 15 days of
submergence, all growth responses were severely limited.
The data for decreasing physiological responses with
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Figure 1. Effect of flooding on (A) germination, (B) dry weight, (C) shoot growth, and (D) root growth. Data are pre>ennd
as the percentage of the values measured in the control sample.
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increasing flood lengths statistically fit linear regression
lines at the 1-percent level of significance.
Growth parameters determined on a total-sample basis
reflect the effect of the reduced germination percentages
more than the effect on individual germules. When the
growth parameters of the dry-weight production, shoot
growth, and root growth were determined per germinating
seed and compared to control values, less-severe reductions
are apparent (Figure 2). The linear-regression coefficients
for dry weight and root growth versus flood treatment were
0.09 and 0.04, respectively, and were not statistically
different at the 5-percent level of confidence. Shoot growth
versus flood conditioning showed a linear-regression fit that
was significant at the 1-percent level of confidence, when
compared on a per-germule basis. Growth is affected by the
flood treatment on the acorns. If an acorn germinates,
though, a seedling could develop under subsequent, favor-
able growing conditions. The single acorn germinating after
25 days of flood treatment grew a radicle 98 percent as
long as the control mean, and weighing 60 percent as much
as the control mean. The effect of the flood treatment most
strongly influences germination; however, subsequent
growth of the flooded acorns that do germinate is also
significantly reduced.
DISCUSSION
The distribution of Quercus alba under natural condi-
tions is restricted to areas of the streamside forest receiving
less than 4 days of potential flood a year. Mature trees have
been previously observed to survive 70 days of growing-
season inundation, however, and the germination of at least
1 percent of white oak acorns occurred after 25 days of
flood conditions in the present study. It is apparent,
therefore, that the restricted range of Q. alba is induced by
unfavorable growing conditions during seedling establish-
ment or during the seedling or sapling stage.
No other members of the white oak group have been
the subject of flood-affected germination experiments, al-
though two black oaks have received some attention.
Briscoe [1961] observed that acorns of Q. nuttalli Palmer
(Nuttall oak) and Q. falcata var. pagodaefolia Ell. (cherry-
bark oak) could tolerate submergence. After 34 days of
inundation, cherrybark oak, a species inhabiting only well-
drained flats or low ridges, still germinated at 60 percent of
the control levels. The acorns of Nuttall oak, a species
found in wet flats, germinated as well after flood treatment
as under germination regimes without flood. The germina-
tion percentage of Q. alba in the present study was reduced
by 40 percent after only 4 days of submergence. Germina-
tion was severely affected after 15 days. Q. alba germina-
tion apparently is much more resistant to the effects of
flood conditions than either Q. nuttalli or Q. falcata var.
pagodaefolia.
Germination responses to environmental factors can
elucidate distributional abnormalities in some cases. In Q.
alba, the restriction of the natural range to unflooded areas
is probably not entirely due to the influence of flood
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Figure 2. Response of germinating acorns following inun-
dation. Data are presented as the percentage of control
values per germule.
conditions on seed germination. Experimentation on seed-
ling establishment and on the seedling and sapling stages of
growth would be required in order to establish the stage in
the life history of Q. alba at which the distribution
restriction occurs.
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WHITE OAK ACORN PRODUCTION IN THE UPLAND
STREAMSIDE FOREST OF CENTRAL ILLINOIS 1
Forrest L. Johnson
The forested areas in central Illinois are generally
confined to flood plains and uplands near stream courses.
However, much of the remaining wildlife habitat in the area
is in the forests, since most of the nonforested land is
devoted to intensive agriculture. The upland streamside
forest in central Illinois is of the oak-hickory type [Braun,
1967], and is heavily dominated by white oak (Quercus
alba). Acorns have long been recognized as an important
food resource for many species [Cypert and Webster, 1948;
Goodrum, et al., 1971], but very little is known about
acorn yields in central Illinois.
This report provides quantitative data for the first two
years of a study of white oak acorn production in the
upland streamside forest. The two years reported here may
represent the extremes of acorn production in this forest
type, since one of the years (1973) had a very poor mast
crop and the other (1974) had an excellent one.
STUDY AREA AND METHODS
Acorn production was observed qualitatively through-
out the upper Sangamon River Basin in east -central Illinois
(approximately 40°N, 88° W) during 1973 and 1974. A site
for quantitative measurements was established at the
Springer-Sangamon Environmental Research Program in-
tensive site in Robert Allerton Park near Monticello.
The vegetation of the study site has been described by
Bell [1974] . White oak is the dominant tree species in the
upland portion of the study site, with a density of 132
trees/ha and basal area of 2 1.9m" /ha. Subdominants in-
clude red elm (Ulmus rubra), black oak (Quercus velutina),
and several hickories (Carya ovata, C. cordiformis, and C.
tomentosa).
Field sampling consisted of weekly collections of all the
material from a set of 30 litter traps located throughout the
study site according to a stratified random design. The litter
traps are open, screen-bottom wooden boxes with sides 15
cm high and 100 cm long. The litter was brought into the
laboratory, air-dried to constant weight, sorted into various
components, and weighed. The acorn data reported here are
from the 15 traps located in the upland, white oak-
dominated portion of the site.
RESULTS AND DISCUSSION
The mean weight of an apparently sound, well-
developed white oak acorn was found to be 4.3 gm, which
compares well with the weight of 4.4 gm/acorn calculated
from data reported by Goodrum, et al. [1971] . Yields for
the two years were 700 acorns/ha (3.2 kg/ha) in 1973 and
378,000 acorns/ha (1,620 kg/ha) in 1974. Data from a
study by Downs and McQuilkin [1944] indicate a possible
range of zero to 500,000 acorns/ha for white oak in the
Southern Appalachians.
In both years, the poorly developed acorns fell during
August. In 1973, when very few white oak acorns were
produced, well-developed acorns began to fall in early
September, reaching a peak about September 25. All had
fallen by October 10. In 1974, when a heavy crop was
produced, well-developed acorns began to fall about Sep-
tember 1, reaching a peak about September 25, and
continuing to fall until late October (Figure 1).
70 T
Figure 1. Phenology of mature white oak acorn drop, 1974.
In a study of white oak acorn production in Pennsyl-
vania, Sharp and Sprague [1967] found that variations in
precipitation, wind movement, and relative humidity had
no apparent effect. They found that a high acorn produc-
tion occurred in years with a relatively cool period follow-
ing a warm period early in the flowering season, while few
acorns were produced in years that had steadily rising
temperatures through the flowering period. Sharp and
Sprague concluded that the early warm period advanced the
development of staminate flowers, while the following cool
period delayed pollen dispersal to coincide with pistillate
flower development.
Research supported by funds from the Illinois State Division of Waterways and U. S. Army DACW 23-73-C-0020.
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The observations of Sharp and Sprague [1967] are
supported by the results reported here. In 1973, tempera-
tures measured at a standard weather station located at the
study site were consistently warm throughout the flowering
period of white oak (Figure 2). In 1974, warm tempera-
tures early in the flowering period were followed by a
Figure 2. Ten-day mean temperatures in the study site,
April-May, 1973 and 1974 (dashed line, 1973; solid line,
1974).
ten-day interval when temperatures averaged 3°C. cooler
than in the previous ten-day period.
Two years of data are inadequate for estimating the
average acorn yield and the dependability of mast crops.
However, the first two years of the study probably rep-
resent the extremes in white oak acorn production and
indicate a high variability in mast crops within central
Illinois. Continued investigation of the environmental fac-
tors controlling mast crops would be a valuable contribu-
tion to the knowledge needed for forest and wildlife
management in the Midwest.
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CULL PERCENTAGES FOR MANAGED OAK STANDS IN NORTHERN ILLINOIS
Howard W. Fox 1
Cull in trees or logs can be defined as the volume of
material that is unmerchantable under prevailing utilization
practices. It is caused by crook, rot, shake, frost cracks, or
other defects. The percentage of cull occurring in the
various species on various sites must be known to inten-
sively manage forest properties. Little information is avail-
able on the amount of cull to deduct from inventory data
for standing timber in well-managed forest stands. Con-
sequently, many foresters continue to use cull factors
developed for unmanaged stands, or they assume that cull is
negligible in well-managed stands and use no cull deduc-
tions.
This report is based on measurements made on trees
growing in upland, even-aged oak stands 90 to 100 years
old. The stands are located in Ogle County on Sinnissippi
Forest, a privately owned forest intensively managed since
1948 by the University of Illinois.
PROCEDURE
Height and diameter measurements were taken on 15 7
randomly selected trees (1). The trees were felled and
remeasured. The logs were scaled, sawn into lumber, and
again measured. The values shown in the accompanying
table are total cull volumes expressed as a percentage of
gross volumes calculated from felled-tree measurements.
The site where each sample tree was growing was
classified as "good," "medium," or "poor," following
Mesavage and Girard (2) from class 79, 78, and 77 respec-
tively. The "good" timber types usually were found in
coves or on soils with clay accumulations. "Medium" types
often were found on sandy soils containing clay lenses.
"Poor" types were usually on sandy soils, thin soils, or
rocky soil that was deficient in soil moisture.
RECOMMENDATIONS
The cull percentages presented in the table are rec-
ommended for use in the northern half of the Central
States region for well-managed, upland oak forests.
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Cull Factors for Managed Upland Oak Timber in Northern Illinois
Site
Good Medium Poor Sites Combined
Species
No. trees
in sample
Percent
cull
No. trees
in sample
Percent
cull
No. trees
in sample
Percent
cull
No. trees
in sample
Percent
cull
White oak
Black oak
Red oak
25
25
6.0
7.3
23
23
11
7.5
10.8
11.3
25
25
12.9
11.5
73
48
36
8.4
11.1
8.5
Species
combined 50 6.9 57 9.9 50 12.3 157 9.0
Assistant Professor of Forestry and Manager, Sinnissippi Forest, Oregon, Illinois.
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Guidelines for the Identification of Potential Environmental Impacts
in the Construction and Operation of a Reservoir
FORREST L. JOHNSON AND DAVID T. BELL, RESEARCH FORESTERS
Public demand for increased water supply, for improved facilities for outdoor recrea-
tion, and for the reduction or elimination of disastrous floods has led to proposals for the
construction of impoundments on most major rivers and many smaller streams. In recent years,
increased public concern over degradation of the biophysical environment has come into direct
conflict with the demand for water-resource management projects. Formal requirements for in-
clusion of environmental considerations in the planning and construction of public works
projects have been in effect since January 1, 1970. Under the authority of the National En-
vironmental Policy Act of 1969 (NEPA) (PL-91-190, Sec. 101b), the Federal Government is re-
quired to:
1. Fulfill the responsibilities of each generation as trustee of the environment for suc-
ceeding generations.
2. Assure for all Americans safe, healthful, productive, and esthetically and culturally
pleasing surroundings.
3. Attain the widest range of beneficial uses of the environment without degradation, risk
to health or safety, or other undesirable and unintended consequences.
4. Preserve important historic, cultural, and natural aspects of our national heritage, and
maintain, wherever possible, an environment which supports diversity and variety of in-
dividual choice.
5. Achieve a balance between population and resource use which will permit high standards
of living and a wide sharing of life's amenities.
6. Enhance the quality of renewable resources and approach the maximum attainable recycling
of depletable resources.
The act established the Council on Environmental Quality (CEQ) and also the requirement
for and contents of Environmental Impact Statements (EIS) . Section 102 (2) (C) requires that
EIS for federally funded projects must contain a detailed description of:
1. The environmental impact of the proposed action.
2. Any adverse environmental effects which cannot be avoided should the proposal be imple-
mented.
3. An alternative to the proposed action.
4. The relationship between local short-term uses of man's environment and the maintenance
and enhancement of long-term productivity.
5. Any irreversible and irretrievable commitments of resources which would be involved in
the proposed action should it be implemented.
NEPA also provides (Sec. 102D) that agencies of the Federal Government must investigate ap-
propriate alternatives to the proposed action in cases which involve unresolved conflicts
concerning alternative actions; and (Sec. 102G) "initiate and utilize ecological informa-
tion in the planning and development of resource-oriented projects."
The content of Environmental Impact Statements and how they should be circulated and
reviewed is described by the Council on Environmental Quality (1971). However, methods for
the evaluation of environmental impacts are not specified in NEPA or in any of its imple-
menting regulations.
A number of methods for identifying and evaluating the environmental impact of resource-
development activities have evolved. These methods generally utilize either a cause-effect
matrix or a numerical scoring system for consideration of alternative methods.
The cause-effect or "environmental'' matrix is primarily a checklist designed to show
possible interactions between development activities and a set of environmental character-
istics. One of the first cause-effect matrices published was that of Leopold et at. (1971).
Improved matrix methods have since been developed, including that of Fischer and Davies
(1973).
Scoring systems are generally based on the assignment of a value for magnitude and a
value for the importance of the effect of each development activity on each environmental
characteristic. "Total impact" of a project is expressed as a score, which is usually the
sum of an algebraic combination of the magnitude and the importance of impacting activities
on each environmental parameter. Scoring methods have been developed by the Georgia Insti-
tute of Ecology (Zieman et at. 1971), the Battelle Institute (1972), and the Oklahoma Bio-
logical Survey (1973).
Present methods are inadequate for identifying and evaluating activities which have an
impact on the environment and environmental attributes which are adversely affected. This
inadequacy is a result both of the complexity of the problem and of the fact that serious
efforts directed toward solving the problem have begun only within the past few years. Meth-
ods currently in use generally are adequate for the identification of both impacting activ-
ities and the impacted environmental attributes. However, specific, quantitative evaluation
of effects on environmental attributes is seldom possible at present because of considerable
variation in local conditions from project to project, and because little research has been
done on the quantitative measurement of cause-effect relationships.
Existing methods have been criticized (Sorenson, 1972) on the grounds that although
they indicate the relationship between an activity and its final effect, they fail to show
the complex web of interacting relationships which exists in real systems. This criticism
can be avoided to a certain extent in matrix methods by introducing a secondary or supple-
mental matrix (Fischer and Davies, 1973) showing interactions among the environmental at-
tributes.
The object of this report is to define and describe the attributes of the biophysical
environment likely to be affected by construction and operation of a reservoir. The main
body of the report consists of information on these attributes, including: air quality,
microclimate, soil conditions, ecological relationships, fauna, flora, ground water hydrol-
ogy, surface water, land forms and processes, outdoor recreation, preservation of natural
resources, special interest areas and sites, aesthetics, and surface water quality. For each
attribute, the following information is given: a definition, a discussion of impacting ac-
tivities, interactions between the attribute and other attributes, functional relationships
between impacting activity and the impacted attribute, and possible mitigating procedures.
Construction and operation activities for a reservoir project are described on pages
29-52. Reservoir construction activities described include: clearing, grubbing, stripping,
excavating, stockpiling, loading and transport, placing, fastening, grading, compacting, and
cutting-shaping. Also described are: chipping, removing-dismantling, drilling, blasting,
pumping, placing concrete, surfacing, pile driving, fencing, and building erection. Also,
building movement, building demolition, pavement demolition, batch and aggregate plants,
temporary building erection, vehicle and equipment maintenance, and restoration.
The information in this report will be of value to water-resource planners in identi-
fying environmental problems likely to be encountered in construction and operation of a
reservoir. However, the material given here is necessarily very general because of the
variation in local conditions and the lack of quantitative information on many of the en-
vironmental attributes. Before any project reaches the final stages of planning, it should
be subjected to a detailed environmental analysis by a multidisciplinary team of technical
specialists
.
This report is intended to serve as a guide to writers of impact statements and is not
an impact assessment of any specific project. An impact matrix showing the relationship be-
tween construction-operation activities and the environmental attributes is given on page 3.
An interaction matrix of relationships between the environmental attributes is given on
pages 4 and 5.
Impact Matrix
Figure 1 is a summarization of impacts of the construction and operation activities on
each of the environmental attributes. It consists of a checklist or "matrix" with the en-
vironmental attributes listed down the left side (rows) and the construction and operation
activities listed across the top (columns). Squares formed by the intersections of rows and
columns contain information about the impact of activities on attributes.
Interaction Matrix
Possible interactions between the 92 environmental attributes are shown in Figure 2.
The two parts make up a checklist with the affecting attributes listed down the left side(rows) and the affected attributes listed across the top (columns). Squares formed by the
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Figure 2. Continued.
interactions of rows with columns contain information about the interactions between envi-
ronmental attributes. No attempt was made to indicate intensity or duration of effects, since
this information is not known for many of the interactions.
ATTRIBUTES OF THE BIOPHYSICAL ENVIRONMENT
AIR QUALITY
Definition. The environmental attribute affected by the presence of substances which are
not normally present in the air and which may create a nuisance or health hazard.
Impact. Construction activities may have an adverse impact on air quality, largely through
—
dust created by excavation, stockpiling, loading and hauling of materials, placement of
materials, grading, compaction, removal of materials, blasting, and the operation of
batch and aggregate plants. If waste materials and the dead trees from clearing opera-
tions are burned, the resulting smoke would have an adverse impact on air quality.
Interactions with other attributes . Air quality in the vicinity of a project may also be
adversely affected by other human activities, such as the operation of nearby indus-
trial plants. The air quality attribute has direct impacts on aesthetics and public
health.
Functional relationships. Since the generation of dust depends to a very large extent on
local weather and soil conditions, it is probably impossible at this time to give any
quantitative predictor of impacts.
Mitigation. The amount of dust generated by construction operations can be greatly reduced
by spraying the source of dust (roads, stockpiles, etc.) with water. Smoke pollution
can be eliminated by disposing of wastes by methods other than burning.
References . ASTM (1962)', EPA (1970), Rossano (1971).
MICROCLIMATE
Definition . The interrelated complex of meterological conditions near the ground (below
2 m in open areas or under the tree canopy in forests) which have a direct effect on
living organisms. Microclimate conditions are affected by the regional climate, topo-
graphy, and vegetation cover.
Air Movement
Definition . Horizontal and vertical flow of air near the ground. It is affected mainly by
large-scale air flow, topography, and vegetation cover.
Impact . Any alteration of topography or vegetation cover will have an effect on air move-
ment. Operations most likely to affect air movement are clearing of land and flooding
of the reservoir site, both of which will increase wind velocity near the surface by
removing impediments to air movement.
Interactions with other attributes . The rate of air movement has an effect on air tempera-
ture, relative humidity, evapotranspiration, and sometimes soil temperature.
Functional relationships . In general, wind velocities in open areas are 5 to 20 times great-
er than wind velocities in nearby forests (Geiger, 1966), but the difference may be even
greater (Johnson, Bell, and Sipp, 1975).
Mitigation
. Increased wind velocity is largely unavoidable in the vicinity of a reservoir
project. Mitigation procedures are limited to the reforestation of adjacent areas.
Air Temperature
Definition
. A quantification of the mean molecular kinetic energy of the air.
Impact
. Clearing of vegetation increases diurnal variation in air temperature by changing
the radiation balance. Flooding of the reservoir site reduces both diurnal and seasonal
variation because of the high heat capacity of water.
Interactions with other attributes . Air temperature is affected by solar radiation reaching
the ground, air movement, and soil temperature and has an effect on relative humidity.
Functional relationships
. Forested areas have less daily and yearly temperature variation
than prairies (Morgan and Old, 1972) or cities (Johnson, Bell, and Sipp, 1975). The
effect of large bodies of water on local temperature depends on the regional climate
and the size of the body of water. Some quantitative relationships between water bodies
and air temperatures can be found in Geiger (1966).
Mitigation
. Changes in local air temperature patterns are unavoidable in a reservoir proj-
ect. However, any change is likely to be moderate and the two major impacts act in
opposite directions. Restoration of vegetation in the reservoir area will tend to miti-
gate effects around the shoreline of the reservoir.
Relative Humidity
Definition . The amount of water vapor actually present in the air compared with the maximum
amount that could be contained under conditions of saturation at a given temperature.
Impact . Clearing of vegetation reduces relative humidity by increasing air temperatures and
reducing evapotranspiration (summer). Filling the reservoir with water increases rela-
tive humidity in the area by increasing evaporation from the surface.
Interaction with other parameters . Relative humidity is affected by air temperature, pre-
cipitation, evapotranspiration, air movement, and the presence of open-water surfaces
nearby.
Functional relationships . Morgan and Old (1972) found that relative humidity was always
greater in a forest than in a nearby prairie. See also Geiger (1966).
Mitigation. Some change in local patterns of relative humidity is unavoidable in a reser-
voir project. Any changes are likely to be moderate and the two major impacts will tend
to cancel each other out.
Incident Solar Radiation
Definition . The amount of solar radiation reaching ground level.
Impact . Clearing of vegetation, especially trees, increases the amount of solar radiation
reaching the ground.
Interaction with other attributes. The amount of solar radiation reaching the ground has a
direct effect on soil temperatures and air temperatures, which in turn have an effect
on many of the biological attributes of the ecosystem.
Functional relationships. A well -developed tree canopy intercepts 75 to 90 percent of the
solar radiation (Geiger, 1966), thereby causing the mean annual temperature of both
air and soil in the forest to be as much as 5°F lower than in a nearby city (Johnson,
Bell, and Sipp, 1975)
.
Mit igat ion . Changes in the local pattern of incident radiation are unavoidable in a reser-
voir project because of the necessity for clearing vegetation. Restoration of vegeta-
tion to any remaining areas of bare ground after completion of the project is probably
the only mitigation procedure available.
SOIL CONDITIONS
Temperature
Definition . A quantification of the mean molecular kinetic energy at a given point in the
soil
.
Impact. Clearing vegetation increases diurnal variation in soil temperature through altera-
tion of the radiation balance. Other activities which would have a relatively minor
effect are stripping, grading, and compaction.
Interaction with other attributes. Soil temperature is affected by the amount of solar
radiation reaching the ground. It has a strong influence on air temperature, soil
moisture, soil flora, and soil fauna.
Functional relationships. Quantitative prediction of soil temperature is difficult because
of the large number of modifying factors. Some of these are vegetative cover, soil
moisture, soil color, compaction, and topography (Geiger, 1966).
Mitigation. Restoration of vegetation on areas of bare soil left after construction activ-
it ies
.
Soil Moisture
Definition . The amount of water present at a given point in the soil above the water table.
Impact . Clearing of vegetation results in lower soil moisture because of increased evapora-
tion resulting from higher temperatures and more air movement. Any operation resulting
in compaction of soil lowers soil moisture because the altered structure allows less
infiltration and retention of precipitation.
Interaction with other attributes . Soil moisture is influenced by air movement, air tem-
perature, detritus, relative humidity, and soil structure. It affects soil flora, soil
fauna, and most of the terrestrial ecological relationships.
Functional relationships . No quantitative relationships for soil moisture can be given at
present because of complex interactions between soil type, vegetation, regional climate,
topography, and anthropogenic factors.
Mitigation. Restoration of vegetation on bare areas will have a beneficial effect on soil
moisture conditions in these areas.
References . Buckman and Brady (1969), Donahue (1965), Geiger (1966), and Millar, Turk, and
Foth (1965).
Soil Structure
Definition. The aggregation of primary soil particles into compound particles.
Impact. Any activity which causes the soil to be moved, stirred up, or compacted changes
~~soil structure. The operations which are most destructive of normal soil structure
are grubbing, stripping, excavation, stockpiling, loading-hauling, grading, and
compaction.
Interaction with other attributes . Soil structure is influenced by soil flora, soil fauna,
and vegetation cover. It also exerts a strong influence over these three attributes as
well as soil moisture, soil temperature, and recharge of ground water.
Functional relationships . Since soil structure is dependent on a large number of factors,
no quantitative relationships can be given at this time.
Mitigation. Revegetation of disturbed areas will eventually bring about regeneration of
favorable soil structure.
References. Buckman and Brady (1969), Donahue (1965).
Soil Mora
Definition . Plants which grow entirely within or under the soil. Most are non-photosynthetic
plants (bacteria and fungi) which depend on detritus and soil organic material for en-
ergy, but some green and blue-green algae are also present.
Impact . Any operation which affects soil temperature, soil structure, soil moisture, vege-
tation cover, or detritus also affects the soil flora. Principal impactors are clear-
ing, grubbing, stripping, excavation, stockpiling, loading-haul ing, grading , compaction,
and flood-control operation.
Interactions with other attributes . The soil flora both influences and is influenced by
soil temperature, soil moisture, soil structure, soil fauna, vegetation cover, and
detritus. Biogeochemical cycles and the utilization of detritus are almost completely
dependent on the soil flora and soil fauna.
Functional relationships
. Interactions between soil flora and other biophysical attributes
are very complex and at present have been only qualitatively determined.
Mitigation
. Revegetation of disturbed areas wil 1 eventually restore the soil flora to normal.
Reference . Odum (1971).
Soil Fauna
Definition
.
Animals which spend all or most of their life cycle within the soil. Most of
these animals are very small (micro-arthropods, nematodes, insect larvae, earthworms,
etc.). These animals feed mostly on soil organic matter and detritus, and are very
important in utilization of detritus and in the biogeochemical cycles.
Impact
.
Change in flooding regimes will change soil moisture conditions, resulting in a
physical habitat that may be unsuitable for naturally occurring soil animals. Standing
water and increased siltation may create physiological problems, particularly in regard
to respiration by some of the soil animals. Construction activities which have adverse
impacts are clearing, grubbing, stripping, excavation, stockpiling, loading-hauling,
grading, and compaction.
Interactions with other attributes
. Changes in the soil fauna may affect the biogeochemical
cycles; such changes may in turn affect ecosystem and trophic structure.
Functional relationships
. Research is currently being conducted to determine the response
of key flood-plain species to varying flooding regimes (Bell and Johnson, 1974a). Pre-
dictions of response of the species to changing flooding regimes will permit estimation
of the effect of a reservoir proj ect upon the soil fauna in areas affected by its flood-
control pool
Mitigation
.
Careful regulation of flow from the conservation pool will minimize the change
in the flooding regime of the flood plain.
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ECOLOGICAL RELATIONSHIPS
Definition . The functional interactions between the component species of the fauna and
flora of a given site. Stable ecological relationships depend upon the presence of
natural interaction systems.
Impact . Construction activities may have an adverse effect on the ecological relationships
of the terrestrial flora and fauna in the immediate vicinity of the construction site
and in the conservation pool itself. Removal or disturbance of the vegetation of the
site will upset the trophic structure of the ecosystem. The most significant impact
upon the terrestrial ecosystem in regard to total area affected may be from changes in
the flooding regime in the flood-plain ecosystem above the conservation pool. Changes
in depth, frequency, and duration of flooding will create a serious perturbation of
the natural ecological relationships of the flood-plain ecosystem.
Interactions with other attributes . Changes in the terrestrial flood-plain ecosystem re-
sulting from disruption of ecological relationships will have an effect on the micro-
climate and the terrestrial fauna and flora, as well as ecosystem and trophic structure
of the flood plain.
Functional relationships . Research is currently being conducted to determine the response
of key flood-plain species to varying flooding regimes (Bell, 1974a, 1974b; Bell and
Johnson, 1974a). Predictions of responses of the species to changing flooding regimes
will permit estimation of the effect of the project upon the ecological relationships
in the flood plain.
Mitigation . Regulation of flow of water from the conservation pool to reduce deviation of
flooding regime from the natural pattern.
Reference . Watt (1973).
Terrestrial Ecosystems
Ecosystem Structure
Definition . The physical structure (i.e., stratification complexity) of vegetation and the
complexity of interactions between the component species of the ecosystem.
Impact . Almost any activity in construction or operation of a reservoir has some impact on
ecosystem structure, since the ecosystem includes all the attributes of the biophysical
environment. Clearing of vegetation has a major impact on ecosystem structure since the
vegetation is the major portion of the biotic environment. Filling the reservoir with
water has a major impact since it completely changes the ecosystem from terrestrial to
aquatic.
Interactions with other attributes . A change in physical structure will have an effect on
the microclimate and the fauna and flora of the flood plain (especially species di-
versity) .
Functional relationships . See ecological relationships.
Mit igat ion . See ecological relationships.
References . Odum (1971), Watt (1973).
Trophic Structure
Definition . The way in which energy is absorbed, utilized, and transferred within an eco-
system. The trophic structure consists of the organisms divided into three functional
groups: producers, which use light energy to convert inorganic materials into food;
consumers (herbivores and carnivores) , which obtain energy by eating other living or-
ganisms; and decomposers, which obtain energy by eating dead organisms or the waste
products of living organisms.
Impact . Most construction operations have some effect on trophic structure. Clearing of
vegetation has a major effect on trophic structure because it removes the producer com-
ponent. Filling the reservoir has a major impact because it changes the ecosystem type.
Change in flooding regime may result in a change in species composition of each trophic
level. The most important impact may be a shift in the decomposer compartment from
invertebrates to bacteria and fungi , which could drastically change trophic structure.
Interaction with other attributes . Trophic structure is influenced by ecosystem structure,
vegetation cover, primary productivity, and detritus. It has an influence on biogeo-
chemical cycles, detritus, and ecosystem structure. Upland animal species (herbivores
and predators) which feed in the flood plain may be affected by change in species com-
position in the flood-plain ecosystem. This may change species composition of trophic
compartments of adjacent upland ecosystems.
Functional relationship s. Only qualitative estimates of functional relationships are possi-
ble at present. Research currently in progress will produce valuable data about trophic
structure in streamside forests (Bell and Johnson, 1974a).
Mitigation. Disturbance of trophic structure is unavoidable in reservoir projects because
of the necessity for clearing and flooding. Mitigation procedures are probably limited
to revegetation of disturbed areas around the reservoir.
References . Odum (1971), Watt (1973).
Pollution of Land
Definition. Dumping or spilling of harmful materials on the ground.
Impact . Vehicle and equipment maintenance has a potential for minor pollution of land by
the accidental spillage of petroleum products or the dumping of used lubricants. In
some systems, the primary pollution factor may be siltation and deposition of nutrients
from fertilization runoff from upstream agricultural land. Increased frequency and
duration of flooding may increase the amount of siltation appearing in the flood-plain
ecosystem. The silt will cover the vegetation as well as the surface. Increased amounts
of nutrients will be added to the flood-plain ecosystem, which may change the species
composition of the vegatation and associated fauna.
Interactions with other attributes . Land pollution affects the major categories of terres-
trial ecological relationships, terrestrial flora and fauna, and soil conditions. Under
some conditions, it may affect the aquatic system. Increased siltation may affect species
composition of the flood-plain ecosystem. This will in turn affect the ecosystem struc-
ture. Increased nutrient deposition will affect biogeochemical cycles in the flood-plain
ecosystem.
Functional relationships . Land pollution affects the terrestrial ecosystem by creating un-
favorable conditions for soil flora, soil fauna, and larger plants.
Mitigation . Land pollution can be eliminated by prevention of spillage of harmful chemicals
and by disposal of waste materials by some other method than dumping. There is probably
no method for mitigation of siltation and nutrient deposition in the flood plain.
Rare or Unique Ecosystem Types
Definition . An ecosystem which differs markedly from other ecosystems of the general region
or sites which contain the last remnants of what was a more prevalent natural ecosystem
type in the general region.
Impact . Construction of a reservoir completely changes the ecosystem in the area covered by
the conservation pool. Changes in flooding regimes in the flood-control pool will result
in changes in the physical parameters of the habitat of the flood plain. This will cause
changes in the species composition and functional interactions of the flood-plain eco-
system. Such species and functional changes will result in the replacement of the ex-
isting flood-plain ecosystem with a modified ecosystem.
Interactions with other attributes . Since this category concerns an ecosystem, it interacts
with all the attributes of the biophysical environment.
Functional relationships . All the functional relationships of other attributes of the bio-
physical environment apply.
Mitigation
. If a reservoir project is found to seriously affect a rare or unique ecosystem
type, the only method of mitigation is to either abandon the project or move it to
another location.
Reference
. Odum (1971).
Diversity of Ecosystem Types
Definition
. Ecosystem diversity depends on the number of different ecosystem types within
an area. A mosaic of relatively small patches of differing ecosystem types is considered
to be more esthetically pleasing and more biologically stable than a large area con-
sisting of only one type. In an agricultural region, the diversity of natural ecosystems
depends on the types of sites left undisturbed by man. In most agricultural regions,
there are relatively few of these undisturbed sites; thus, the diversity of ecosystems
is usually low.
I mpact
. Impact of a reservoir project on ecosystem diversity depends on the amount of di-
versity previously existing. If the area has low diversity before the project, there
will be little reduction in diversity. The only situation in which a serious impact
would occur is where construction of a reservoir would destroy the only local example
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of a particular ecosystem type. In a situation where there are no previously existing
lakes within an area, construction of a reservoir would increase ecosystem diversity.
Interaction, functional relationships, mitigation, and references . Same as for rare and
unique ecosystem types. (See page 10.)
Biogeochemical Cycles
Definition . The circulation of a biologically active chemical element from environment to
organisms and back to the environment. Approximately 40 of the chemical elements are
required by living organisms and therefore are involved in biogeochemical cycles.
Impact. Any operation, such as clearing of vegetation or permanent flooding, which causes
major changes in an ecosystem will have a serious impact on biogeochemical cycles. Most
biogeochemical cycles in natural ecosystems are nearly "closed"; that is, most of the
material is recycled with very little loss. If the system is disturbed, biogeochemical
cycles may be degraded to the "open" type with large losses of material.
Interactions with other attributes . Since biogeochemical cycles are part of the ecosystem
structure, they have interactions with most of the biological attributes.
Functional relationships . Much information on biogeochemical cycles in various ecosystem
types has been collected. See Odum (1971), Rodin and Bazilevich (1967).
Mitigation. Some disturbance of biogeochemical cycles is unavoidable in a reservoir project.
Mitigation procedures are limited to avoidance of unnecessary disturbance to the eco-
system during construction and restoration of vegetation to disturbed areas after con-
struction .
Aquatic Ecosystems
Definition. The organisms which live in permanent bodies of water such as lakes, rivers, and
ponds, and all aspects of the physicochemical environment which affect these organisms.
Impact . Construction of a reservoir on a stream causes a complete change in the aquatic
ecosystem within the reservoir's conservation pool, from a stream ecosystem to a lake
ecosystem. Inundation of a portion of a stream obviously changes many of the character-
istics of the physical environment such as depth, surface area, and flow rates of water.
An impoundment also generally causes changes in turbidity, water temperature, and dis-
solved oxygen. Consequently, large changes can be expected in the biotic portion of the
aquatic ecosystem. Downstream from the reservoir, turbidity is generally reduced. Also,
changes may occur in water temperature, flow rate, flow pattern, dissolved oxygen, etc.,
resulting in changes in the aquatic flora and fauna.
Interaction with other attributes . By definition, an ecosystem is an interacting assemblage
of biotic and physicochemical factors. Therefore, interactions are likely to occur with
all of the attributes of the aquatic biophysical environment.
Functional relationships . Specific effects of impounding a stream are strongly dependent on
local climatic, geologic, and anthropogenic factors. Therefore, knowledge of local con-
ditions is essential for prediction of results.
Mit igat ion . Prevention or mitigation of adverse effects is usually not possible.
FAUNA
Definition . The animal life of a region or specific site within a region.
Terrestrial Animals
Definition . Animals who spend most of their life on land.
Mammals
Impact . An increased frequency, duration, and depth of flooding may require behavioral or
distributional changes by the mammals utilizing the flood-plain ecosystem. Small mam-
mals resident within the flood plain may become arboreal during floods. If the flood
is long-lasting, such species may move from the flood plain to the adjacent uplands.
Larger species which routinely move from upland areas into the flood plain to feed
will be prevented from doing so during periods of flooding. Changes in the ecosystem
structure and species composition resulting from a changed flooding regime may cause
a loss of preferred food plants of given mammalian species. Such species of mammals
will not be able to make use of the flood-plain ecosystem if these changes occur.
Interaction, functional relationships, and mitigation . See section on trophic structure,
page 9.
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Birds
Impact. Changing flooding regimes may affect ground-nesting birds. If flood increases during
"The nesting period, such species, may not be able to utilize the flood-plain ecosystem
and will be eliminated. Changes in plant species composition of the flood-plain eco-
system may alter the food availability for birds which routinely use the flood plain
for feeding purposes.
Interaction, functional relationships, and mitigation . See section on trophic structure,
page 9.
Other Vertebrates
Definition . Amphibians and reptiles.
Impact . Changes in the flooding regime will adversely affect reptiles; amphibians will be
—
only slightly affected. Most terrestrial reptiles will have to move from the flood plain
to the adjacent uplands during the periods of inundation. An increase in the duration,
frequency, and height of flooding will decrease the amount of time the flood-plain eco-
system is a suitable habitat for reptiles.
Interactions, functional relationships, and mitigation . See section on trophic structure,
page 9.
Mosquitoes
Definition. Biting midges (Diptera; Culicidae)
.
Impact. Filling the reservoir and flood control operations will produce major impacts on
species composition and numbers of individuals in mosquito populations. Activities such
as clearing, grubbing, stripping, excavat ion, grading, stockpiling, and building erec-
tion may have minor impacts on populations.
Interactions with other attributes . Changes in vegetational composition and cover may affect
mosquito populations. Numbers of mosquitoes in an area have an effect on the area's
recreational potential and may have an effect on public health.
Functional relationships . Mosquito populations can be expected to increase temporarily as
the reservoir is being filled, since there will usually be temporary shallow-water
areas with emergent vegetation. After the reservoir is filled, flood water mosquitoes
will be displaced into areas which are periodically inundated. Permanent -water mosqui-
toes will increase, particularly in areas where water is shallow and emergent vegeta-
tion is present such as at the deltas of lateral streams. Permanent-water mosquitoes
will continue to increase as the lake gets older and more shallow-water areas with
emergent vegetation develop.
Mitigation
. Permanent -water mosquito populations can be reduced by removal of emergent
vegetation and floating dead material which becomes stranded on mud banks or in shal-
low water and by eliminating shallow-water areas. Flood-water mosquito populations can
be reduced by either removal of floatage or management of water levels during winter
to strand floatage above the summer egg-laying sites, and by the elimination of re-
sidual pools within the flood-control zone.
Other Invertebrates
Definition
. Other insects, arthropods, snails, earthworms, nematodes, and protozoans.
Impact
. Changing flooding regimes, increased siltation, and changing microclimate will all
adversely affect the distribution, abundance, and species diversity of the present in-
vertebrate fauna. An increase in the duration, frequency, and height of flooding will
decrease the amount of time the flood-plain ecosystem is a suitable habitat for most
invertebrates and the number of species that can live there.
Interactions with other attributes
. Changes in the composition and abundance of the other
invertebrate species of the flood-plain ecosystem will affect ecosystem structure,
trophic structure, and biogeochemical cycles.
Functional relationships and mitigation . See section on trophic structure, page 9.
Rare and Endangered Species
Definition
. A species which occurs in very low numbers throughout the range or one which
is on the verge of extinction.
Impact
. The project may have an adverse impact (through habitat destruction) on a rare or
endangered species, depending on local conditions.
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Interactions with other attributes . A project which is likely to have an adverse impact on
a rare or endangered species is likely to be highly controversial and will usually en-
counter considerable resistance from environmental groups.
Mitigation . Special precautions should be taken to avoid any adverse impact on rare and
endangered species within a project area. If such impacts are unavoidable, the project
should be abandoned or moved to another location.
References . No comprehensive list of rare and endangered species exists at present. However,
state conservation departments and the biology departments of colleges and universities
usually have information on rare and endangered species for limited areas.
Species Diversity, Density, and Recruitment
Definition. Species diversity: (1) the number of species of terrestrial animals present in
a given site, (2) an index incorporating both the number of species and the number of
individuals of each species present. Density: the number of individuals of a given
species per unit area. Recruitment: addition of new individuals of a species to the
resident population of a given site; can occur from young born into the population or
individuals dispersing into the site from adjacent populations.
Impact. Change in flooding regime will adversely affect normal birth rate and survival of
young in flood-plain species. Increased frequency and duration of floods may reduce
recruitment of animals from adjacent uplands.
Interactions with other attributes . Species diversity, density, and recruitment are basic
attributes of an ecosystem and therefore interact with most of the other biophysical
attributes.
Mitigation. See sections on ecosystem structure and trophic structure, page 9.
Functional relationships . Methods for quantitative determination of diversity and density
are given by Odum (1971) and Cox (1967).
Nuisance Species
Definition. Animal species which injure or annoy humans or their domestic animals or which
destroy crops.
Impact . Other than mosquitoes, the only nuisance species in the Midwest likely to be af-
fected by a reservoir project is the chigger (Trombiculid mites). Chiggers inhabit
river flood plains and are likely to increase with an increase in moisture and silted
nutrients. There is a possibility that chiggers will move into adjacent upland areas
if flooding frequency and height are increased.
Interactions with other attributes. Chiggers are annoying to humans and other vertebrates
but are not dangerous.
Functional relationships . Not known.
Mitigation . Probably none.
Aquatic Animals
Definition . Animal species which live within or along the shoreline of permanent bodies
of water.
Impact . Impoundment of a stream will have a strong impact (not necessarily adverse) on
aquatic fauna, since many of the species of animals which inhabit streams do not do
well in lakes and vice versa. Changes may also occur downstream from the dam, since
many aquatic animals have rather narrow ranges of tolerance for certain environmental
factors such as turbidity and water temperature, which may be changed downstream from
the dam.
Interactions with other attributes . Changes in aquatic fauna often have beneficial impacts
on recreation (sport fishing) and sometimes have beneficial impacts on economic fac-
tors, since commercial fishing is feasible in some large reservoirs.
Functional relationships . Specific effects depend largely on local conditions. Species com-
position and abundance depend to a large extent on the species composition and produc-
tivity of the aquatic flora.
Mitigation . Usually none.
FLORA
Definition. Plants.
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Terrestrial Plants
, . veal Veg< 'tat u m
Definition. Natural vegetation is the complex assemblage of plants which occurs on an area
in the absence of cultivation or other recent severe disturbance. This includes the
various successional stages.
Impact. Major impacts on natural vegetation are caused by clearing and by filling the res-
ervoir with water. Other operations which may have adverse effects on natural vegeta-
tion are grubbing, stripping, excavation, stockpiling, loading-hauling, grading, com-
paction, concrete placement, surfacing, and building erection. Operation of the res-
ervoir for flood control may have adverse effects on vegetation in the flood-control
pool
.
Interactio ns with other attributes . The condition of the natural vegetation interacts with
ecosystem structure, trophic structure, microclimate, soil conditions, b iogeochemical
cycles, primary productivity, and detritus.
l-'unct iona 1 relationships . Since the natura I vegetation varies with local conditions, quantita-
tive relationships developed for one region may not apply to other regions. The natural
vegetation is destroyed or degraded to a lower successional stage by disturbance and is
reestablished in the absence of disturbance. The time scale for complete regeneration
is sometimes quite long, amounting to several hundred years in the case of certain up-
land forests (Johnson and Bell, 1975). Bell and Johnson (1975) found that upland oak-
hickory forest in central Illinois could withstand up to 30 days of continuous flood-
ing. Inundation for periods longer than 30 days in the growing season causes death of
some black oak {Quevcus velutina) , and inundation for more than 45 days causes consid-
erable mortality in white oak {Q. alba). Flood-plain trees can survive considerably
longer periods of flooding. Common Midwestern flood-plain species such as silver maple
{Acer' saooharrnum)
,
cottonwood (Populus deltoides) and bur oak (Q. rnacvocarpa) remain
alive after continuous inundation for 100 to 180 days.
Mitigation. Some disturbance and destruction of natural vegetation is necessary in a res-
ervoir project, but any unnecessary disturbance should be avoided. After construction
is completed, regeneration of vegetation in disturbed areas can be facilitated by re-
planting. In order to avoid heavy mortality of trees in the flood-control pool areas
around a reservoir, flood-control operations should be adjusted so that upland-type
forest will be inundated for no more than .30 days in any particular growing season.
Flood-plain forests probably should not be inundated for more than 100 days during the
growing season. Both forest types are able to survive considerably longer periods of
inundation in the non-growing season. However, yearly inundation could severely weaken
living trees to the point where a relatively short flood period could cause mortality.
R eferences . Odum (1971), Oosting (1956).
ire n>i<l K)idangered Species
Oef
i
n i t ion . A species which occurs in very low numbers throughout the range or one which
is on the verge of extinction.
Impact . The entire project may have an adverse impact on a rare or endangered species, de-
pending on local conditions.
Interactions with other attributes . A project which has a potentially adverse impact on a
rare or endangered species is likely to be highly controversial and will encounter con-
siderable resistance from local residents and conservation groups.
Mit i gat ion
. Special precautions should be taken to avoid any adverse impact on rare and en-
dangered species within a project area. If such impacts arc unavoidable, the project
should be abandoned or moved to another location.
Re ferences
. No comprehensive list of rare and endangered species exists at present. How-
ever, state conservation departments and the biology departments of colleges and uni-
versities usually have information on rare and endangered species for limited areas.
'
' h \rsity
M'J j n it ion
. A measure of "variety" (number of species) and "evenness" (apportionment of
individuals among the species) in an ecosystem.
Impact^ Clearing of vegetation and filling the reservoir will have major impacts on species
diversity. Adverse impacts may result from grubbing, stripping, excavation, stockpiling,
loading-hauling, placement of materials, grading, compaction, removal of materials, con-
crete placement, surfacing, and building erection.
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Interactio ns with other ;itt r Unite s. Species diversity is related to ecosystem structure
(stability), natural vegetation, primary productivity, and biogeochemicul cycles.
1'u nct ional relat ionsh i [is . Since species diversity is generally considered to be a good
measure of ecosystem stability, a number of quantitative methods have been developed
for estimating it (Odum, 1971).
Mitigation. Since species diversity is dependent on ecosystem structure, mitigation proce-
dures wi 1 1 be the same.
Primary Produc t ivi by
lief in i t io n. The rate at which radiant energy is stored by photosynthet ic and chemosyntbet ic
activity of producer organisms (chiefly green plants) in the form of organic substances
which can be used as food materials (Odum, 1971).
Impact. Impact of human activity on actual productivity is a complex subject and depends
to a large extent on the individual case. Wh i 1 e ecosystem structure may be greatly
changed by a disturbance, productivity may be only temporarily affected unless con-
siderable amounts of the essential elements are lost from biogeochemica 1 cycles.
Interactions with other attributes. Primary productivity may be affected by soil conditions,
biogeochemica 1 cycles, microclimate, and ecosystem structure.
l-'unct io na 1 rel at ionsh ips . Much research has been done on primary production. Methods for
determining primary production are given by Newbold (19b7) and Milncr and Hughes (1968).
A discussion of primary productivity in the major ecosystem types is given by Rodin and
Bazilevich (1967).
Mitigation. Mitigation procedures for impacts on primary productivity are the same as for
biogeochemica 1 cycles.
Weedy Species
Definition. A species which is absent or unimportant in an undisturbed ecosystem but becomes
abundant when the ecosystem is disturbed. Weedy species are not necessarily detrimental
to the environment, but serve as indicators of disturbance or environmental stress.
Impact. Any operation which removes or seriously disturbs natural vegetation may lead to
an invasion or increase in weedy species. Operations which may create conditions fa-
vorable to weedy species are clearing, grubbing, stripping, excavation, stockpiling,
loading-hauling, grading, compaction, surfacing, and building erection.
Interactions with other attributes. Weedy species interact with ecosystem structure, trophic
structure, microclimate, soil conditions biogeochemica 1 cycles, primary productivity,
detritus, and natural vegetation.
l -'unct iona 1 re I at ionships . Weedy vegetation becomes established following destruction or
disturbance of the natural vegetation. The natural vegetation tends to reestablish
itself at a rate depending on local conditions, the degree of disturbance, and mitiga-
t ion procedures
.
Mitigation. Establishment of some weedy vegetation is unavoidable in a reservoir project.
Mitigation procedures involve avoidance of destruction of natural vegetation and re-
planting natural vegetation wherever possible in disturbed areas.
Reference . Odum (1971).
Detritus
Definition. The particulate organic matter involved in the decomposition of dead organisms
"(Odum, 1971).
Impact. Any operation which affects ecosystem structure, natural vegetation, or primary
productivity will have an impact on detritus. Operations which have a significant im-
pact on detritus are clearing, grubbing, stripping, grading, filling the reservoir
with water, and flood-control operations.
Interactions with other attributes. Detritus is dependent on the primary productivity of
the vegetation (natural or weedy) and is necessary for survival of the soil flora and
fauna and for the continuity of biogeochemica! cycles.
functional relat ionsh ips . The detritus (litter) component of several ecosystem types is
discussed by Rodin and Bazilevich (1967). Bell and Sipp (1975) found that natural
flooding removes much of the detritus from the flood plain, therefore flood-control
operation of the reservoir is likely to affect the status of detritus in the flood-
control pool area.
Mit igat i on. Same as for soil flora, soil fauna, and biogcochcmical cycles.
15
Aquatic Plants
Definition. Plant species which live within or at the edge of permanent bodies of water.
Impact. Impoundment of a stream will cause considerable changes in the species composition
~and abundance of the aquatic flora. The plants which inhabit lakes are often quite dif-
ferent from those which inhabit streams.
Interactions with other attributes . Since the aquatic flora in lakes is the primary basis
of the aquatic food web, the species composition and abundance of aquatic vegetation
largely determines the condition of the aquatic fauna. The aquatic flora is strongly
influenced by turbidity, water temperature, dissolved nutrients, water depth, and
wave action.
Functional relationships . Quantitative relationships are complex and largely unknown at
present, but certain generalizations can be made concerning qualitative relations be-
tween certain attributes. If the impoundment has a high degree of turbidity , the aquatic
flora will be light-limited, resulting in low productivity in the flora and a scarcity
of fish and other fauna. If the water is relatively clear and nutrient concentrations
are low or moderate, productivity of the vegetation will be high, resulting in a greater
abundance of fish. If the water is relatively clear and high in nutrients (especially
phosphates), the flora may become overproductive, resulting in warm-season algae blooms
with a consequent reduction in the aesthetic aspects of water quality and sometimes
fish kills.
Mitigation . Probably none.
GROUND-WATER HYDROLOGY
Depth
Definition. The distance from the surface of the ground to the top of the water table.
Impact. Clearing of trees would tend to raise the water table by reducing evapotranspira-
tion and to lower it if the soil surface was sufficiently disturbed to interfere with
infiltration of precipitation. The major effect would be the raising of the water table
concurrent with filling the reservoir.
Interaction with other attributes . In humid regions, raising the water table might have a
harmful effect on ecosystem structure (natural vegetation) and on agriculture.
Functional relationships . Depth of the water table should, in most cases, be directly cor-
related with the elevation of water in the reservoir. This would apply for a limited
distance from the reservoir, depending on topography and permeability of the substrate.
Ground-water studies in an area of glacial till in central Illinois (Bell and Johnson,
1975) indicate that a reservoir project will have little or no effect on the depth of
the water table on land with a surface elevation greater than 5 m above the conserva-
tion pool of the reservoir.
Mitigation . Non e
.
Movement
Definition
. Flow of ground water.
Impact
. Movement of ground water may be slowed or changed in direction in the area around
the reservoir in which the water table is raised.
Interactions with other attributes . Ground-water movement would be affected by depth of
water table and by recharge and extraction rates.
Functional relationships
. Quantitative relationships depend on local conditions. Ground-
water movement is dependent on gradient, permeability, and aquifer thickness, which
vary greatly from area to area (Todd, 1964).
Mitigation. None.
Recharge Rates
Definition
. Rates of input to the ground water.
Impact
. Depending on local conditions of subsurface permeability and topography, filling
the reservoir may increase recharge rates.
Interactions with other attributes . Recharge rates would interact with depth and movement
of ground water.
Functional relationships
. Functional relationships would depend on local conditions.
Mitigation. None.
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SURFACE-WATER HYDROLOGY
Elevation
Def init ion . The height above sea level of the water surface in the stream or reservoir.
Impact . Filling the reservoir will raise the elevation of the surface water to the level
of the conservation pool or occasionally above.
Interactions with other attributes . Raising the surface water elevation will change the
ecosystem type in the conservation pool from terrestrial to aquatic. Ecosystem struc-
ture on land inundated by the flood-control pool (especially the natural vegetation
and animal populations) will be affected to a certain extent depending on local con-
ditions and the extent and frequency of use of flood-control storage.
Functional relationships . See ecosystem structure, natural vegetation, and fauna.
Mitigation . For effects below the conservation pool level, no mitigation is possible. For
effects within the flood-control pool, duration of flooding should be limited to pre-
vent damage to the ecosystem (Bell and Johnson, 1974b).
Flow Pattern
Definition . The direction and configuration of the surface flow of water in a stream or
reservoir.
Impact. Filling the reservoir will alter the flow pattern of surface water mainly by
causing the flow through the reservoir to be spread out over a large area.
Interactions with other attributes . Aquatic ecosystem structure will be changed consid-
erably, since the flora and fauna of streams is quite different from the flora and
fauna of lakes.
Functional relationships . Differences between lotic and lentic ecosystems are given by
Odum (1971).
Stream Discharge
Definition. The amount of water passing a given point in a stream channel per unit of time.
Impact. Operation of the reservoir will cause some water loss by evaporation, reducing
stream discharge below the reservoir. Discharge patterns will be altered in the stream
below the dam.
Interactions with other attributes . Altered discharge patterns may have some effect on both
the aquatic and terrestrial flood-plain ecosystems below the reservoir.
Functional relationships . Water lost by evaporation can be calculated from the surface area
of the lake and evaporation rates. Changes in ecosystem structure due to changes in
stream discharge are currently largely unknown.
Mitigation . Mitigation of impacts will depend on the purpose of the reservoir.
Velocity
Def init ion . The rate of movement of water.
Impact . Filling the reservoir with water will cause a considerable reduction in water ve-
locity in the reservoir itself and some reduction for a short distance upstream.
Interactions with other attributes . The reduction in water velocity will change a stream
ecosystem to a lake ecosystem.
Mitigation. None.
LAND FORMS AND PROCESSES
Compaction of Soil
Definition. Alteration of soil structure such that the primary soil particles are brought
closer together.
Impact . Any operation which disturbs the natural soil structure is likely to cause soil
compaction. Impacting operations include clearing, grubbing, stripping, excavation,
stockpiling, loading-hauling, grading, and compaction.
Interactions with other attributes . Soil compaction influences natural vegetation, soil
flora, soil fauna, soil structure, soil moisture, and soil temperature. It is influ-
enced by detritus, soil flora, soil fauna, and vegetation cover.
Functional relationships . Since soil structure is dependent on a large number of complex
factors, no quantitative relationships are given here.
Mitigation
. Restoration of vegetative cover to disturbed areas will eventually bring about
regeneration of favorable soil structure.
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Reference . Buckman and Brady (1969).
Topography
Definition. The configuration of a surface, including its relief and the position of objects
on it.
Impact. Any process which moves large amounts of soil or rock will have an impact on topo-
~graphy. Operations affecting topography are excavation, placement of materials, blast-
ing, grading, and stripping.
Interactions with other attributes . Changes in topography may have an effect on microcli-
mate, ecosystem structure, and natural vegetation.
Mitigation. Any construction scars left exposed after construction should be smoothed and
planted with appropriate vegetation to prevent erosion and improve aesthetic aspects
of the site.
Stability of Landforms
Definition. The resistance of landforms to sudden spontaneous changes such as landslides
and slumping of banks.
Impact. Occurrence of instability is not anticipated in most cases, but is a possibility
when vegetation is removed or the soil is disturbed on a steep slope.
Interaction with other attributes . An instability of landforms would have an adverse effect
on re-establishment of vegetation and would contribute to construction scars.
Mitigation . Vegetation should not be removed or seriously disturbed on steep slopes. If
removal of vegetation or disturbance is unavoidable, appropriate stabilization proce-
dures should be carried out and vegetation cover should be restored as soon as possible.
Water Erosion of Soil
Definition . Removal of soil by running water.
Impact . Operations which cause the removal of vegetation or disturbance of soil will cause
increased soil erosion. Operations which have an impact on soil erosion by water in-
clude clearing, grubbing, stripping, excavation, stockpiling, loading-hauling, grading,
and compaction.
Interaction with other attributes . Soil erosion is affected by vegetation cover, slope,
soil type, etc., and affects biogeochemical cycles, ecosystem structure, soil flora,
soil fauna, and water quality.
Functional relationships . The amount of water erosion of soil depends on amount and rate
of rainfall, slope, soil type, soil structure, and vegetation cover.
Mitigation
. Avoid unnecessary destruction of vegetation, especially on slopes. Restore
vegetative cover to disturbed areas as soon as possible.
Reference
. Buckman and Brady (1969).
Silt Deposition
Definition
. The settling out of suspended soil material from water.
Impact
.
The same operations which cause water erosion of soil will cause silt deposition
downstream.
Interaction with other attr ibutes . Silt accumulation can have detrimental effects on soil
flora and fauna and, if deep enough, can be harmful to natural vegetation.
Functional relationships
. Silt deposition depends on upstream soil erosion.
Mitigation
. Mitigation of silt deposition depends on prevention of soil erosion.
Erosion and Deposition of Material by Waves
Definition
. The movement of soil material from place to place by wave action.
Impact
.
There will usually be some movement of material by waves in a reservoir. Under con-
ditions where the soil material is sandy and there are long reaches of open water, wave
erosion and deposition may be severe. If the soil material is fine-textured, wave ero-
sion will increase turbidity.
Interaction with other attributes
. Wave erosion and deposition may have an effect on the
aquatic flora and fauna and on the aquatic ecosystem structure.
Functional relationships
. The amount of wave erosion and deposition depends on soil type,
wind direction, and width of open water.
Mitigation
.
If severe wave erosion is anticipated, it can be reduced by placing rock or gravel
in areas which are most susceptible to erosion.
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Erosion and Deposition of Material by Wind
Definition . The movement of material from place to place by wind.
Impact . In arid regions, any operation which removes vegetation or destroys soil structure
promotes wind erosion. Operations which promote wind erosion inc lude clearing
,
grubbing,
stripping, excavation, stockpiling, loading-hauling, grading, and compaction.
Interaction with other attributes . Loss of soil has detrimental effects on biogeochemical
cycles, natural vegetation, primary production; species diversity, and ecosystem struc-
ture.
Functional relationships . The potential for wind erosion depends on wind velocity, soil
type, topography, and vegetation type and cover.
Mitigation. Prevention of wind erosion depends on protection of vegetation cover and pres-
ervation of natural soil structure wherever possible.
Reference. Buckman and Brady (1969).
OUTDOOR RECREATION
Land-based
Definition . Outdoor recreation activities such as camping, picnicking, hiking, hunting,
sightseeing, and driving for pleasure.
Impact . Unless some unique or special interest site or area is inundated or otherwise dam-
aged, construction of a reservoir presents an opportunity for a beneficial impact on
outdoor recreation.
Interactions with other attributes . Construction scars, man-made features, landscape di-
versity, vegetation, and wildlife have effects on land-based outdoor recreation. If
recreational use of an area becomes too heavy, it may have an adverse effect on such
attributes as soil erosion, vegetation, and wildlife. It may have a beneficial effect
on local economic growth.
Mitigation . Usually none.
Reference . Isard (1972).
Water-based
Definition . Outdoor water recreation activities such as boating, fishing, swimming, and
waterfowl hunting.
Impact . In most cases, construction of a reservoir has beneficial impacts on water-based
outdoor recreation.
Interaction with other attributes . Water quality and the quality of the aquatic ecosystem
will affect water-based recreation. If the reservoir attracts large numbers of people
from other areas, it may have a beneficial effect on local economic growth.
Mitigation . Usually none.
Reference . Isard (1972).
PRESERVATION OF NATURAL RESOURCES
Fauna
Definition . Animals (wildlife).
Impact . Any operation or activity which destroys or reduces the available habitat for wild
animals has an adverse impact on the fauna. Specific operations which may have adverse
impacts on fauna are clearing, grubbing, stripping, excavation, stockpiling, loading-
hauling, placement of materials, grading, compaction, removal of materials, blasting,
building erection, fil ling the reservoir with water, and operation of the reservoir for
flood control.
Interactions with other attributes . The condition of the natural vegetation (flora) has a
direct effect on the fauna. The value of certain aspects of outdoor recreation and
aesthetics depends on the abundance and variety of wild animals present.
Functional relationships . The abundance and variety of wild animals usually depends on
the area, variety, and condition of natural vegetation types.
Mitigation . Mitigation procedures consist primarily of avoiding unnecessary disturbance to
the ecosystem during construction, restoration of natural vegetation, and restocking
of wildlife after the project is completed.
References. Caras (1967), Allee et at. (1949).
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Flora
Definition . Plants (natural vegetation).
Impact. Any operation which has an effect on soil erosion, biogeochemical cycles, or eco-
system structure will have an effect on the flora. Specific operations which are ex-
pected to have adverse impacts on the flora are clearing, grubbing, stripping, excava-
tion, stockpiling, loading-hauling, placement of materials, grading, compaction, re-
moval of materials, blasting, surfacing, building erection, filling the reservoir with
water, and operation of the reservoir for flood control.
Interaction with other attributes . The flora interacts reciprocally with ecosystem struc-
ture, trophic structure, microclimate, soil conditions, biogeochemical cycles, primary
productivity, and detritus. It is the principal factor in determining abundance and
variety of wildlife (fauna) and affects aesthetics and outdoor recreation.
Functional relationships . Quantitative relationships depend on local conditions. The flora
is reduced to a lower successional stage by disturbance and recovers over a period of
time, the length of which depends on vegetation type, climate, degree of disturbance,
and mitigation procedure.
Mitigation. Some disturbance and destruction of the flora is unavoidable in a reservoir
project, but unnecessary disturbance should be avoided. Restoration of the flora can
be facilitated by replanting areas which have been seriously disturbed.
Natural Ecosystem Types
Definition. An ecosystem consists of all the interacting assemblages of plant and animal
organisms and the whole complex of physical factors which form the environment. Natural
ecosystems are divided into "types" which are distinguishable by easily recognizable
differences in biotic or abiotic components. Flood-plain forests, upland deciduous
forests, and prairies are examples of natural ecosystem types.
Impact . Most construction and operation activities have impacts on natural ecosystems. Ma-
jor adverse impacts would be caused by clearing of vegetation and filling the reservoir
with water. Operation of the reservoir for flood control may in some cases have an ad-
verse impact on natural ecosystems (Bell and Johnson, 1974b).
Interactions with other attributes . By definition, natural ecosystem types interact with
all other biological and physical attributes of the environment. They also interact
with many attributes of the human environment, especially preservation of natural
resources, aesthetics, and outdoor recreation.
Functional relationships . All functional relationships which apply to attributes of the
biological and physical environment apply here.
Mitigation
. Some disturbance of ecosystem types is unavoidable in a construction project
but should be kept to a minimum. Reestablishment of appropriate vegetation on disturbed
areas should be done as quickly as possible.
"Open and Green Space"
Definition
. Areas which are preserved in a natural or semi-natural state for their aes-
thetic qualities and for outdoor recreation. They may include multiple-use areas such
as wildlife refuges and areas within flood-control pools of reservoirs.
Impact
. Existing "open and green space" may be destroyed or disturbed by reservoir construc-
tion. However, construction of a reservoir presents opportunities for creation or pres-
ervation of "open and green space" within the area between the conservation pool and
upper limit of the flood control pool.
Interactions with other attributes . This attribute interacts with aesthetics, outdoor rec-
reation, flora, fauna, soil erosion, and ecosystem types.
Functional relationships
. Value of "open and green space" depends both on area and quality.
The quality depends on such factors as abundance and variety of plants and wildlife,
scenic beauty, etc.
Mitigation
. The primary mitigation procedures are the protection of existing areas of
"open and green space" and the creation of new areas surrounding the reservoir.
Reference
. McHarg (1969).
Water Supply
Definition
. Water in lakes, streams, reservoirs, and underground aquifers (considered as a
natural resource)
.
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Impact . Reservoir projects are generally considered to have a beneficial impact on water
supply by storing water under high-flow conditions for later use.
Interactions with other attributes . The amount and distribution of surface water has an
effect on outdoor recreation, aesthetics, aquatic ecosystems, and various socio-economic
attributes.
Functional relationships . The impact of a reservoir on water supply depends on the amount
of water needed in an area, the amount readily available from other sources, and the
amount made available by the reservoir project.
Mitigation . None.
Reference. James and Lee (1971).
Agricultural Land
Definition . Any land used for production of food, forage, livestock, fiber, timber, pulp-
wood, etc.
Impact . Filling the reservoir with water will destroy the function of any agricultural land
below the level of the conservation pool. Operation of the reservoir for flood control
will have some adverse impact on agricultural land within the flood-control pool, but
may have a beneficial impact on river-bottom land downstream from the dam.
Interactions with other attributes . Loss of agricultural land will have some effect on
socio-economic attributes.
Functional relationships . Impact is directly related to the amount of land removed from
production and the value of the lost production.
Mit igation . None.
Reference. Isard (1972)
.
SPECIAL INTEREST AREAS AND SITES
Definition. Any area or site which is of interest to the general public because of some
unique aesthetic, scientific, recreational, or sentimental value. Included are public
parks, wilderness areas, historic and archaeological sites, scenic views, and scien-
tific study areas.
Impact . If one of these areas lies below the elevation of the reservoir's conservation
pool, it would be destroyed by filling the reservoir with water. Damage may occur be-
cause of the operations of clearing, grubbing, stripping, excavation, grading, surfac-
ing, blasting, or building erection.
Interactions with other attributes . Depending on the nature of the site, the operations
described above may have adverse effects on aesthetics, outdoor recreation, or educa-
tional values. The possibility of destruction or damage to such a site may cause con-
siderable controversy which can lead to strong resistance to the project.
Mitigation. In the planning stage of a reservoir project, an effort should be made to iden-
tify such areas or sites and to avoid damage to them. If significant damage is unavoid-
able, the project should be altered, moved to another location, or abandoned.
Reference. Committee on Allerton Park (1971).
AESTHETICS
Air Quality
Definition. The aesthetic aspect of air affected by smoke, dust, and objectionable odors.
Impact. Dust may be a problem at some construction sites, depending on local soil types
and weather conditions. Construction operations which may cause dust are stripping,
excavation, stockpiling, loading-hauling, placement of materials, grading, compaction,
removal of materials, blasting, and the operation of batch and aggregate plants.
Interactions with other attributes . The amount of air pollution has an effect on public
health.
Functional relationships . The amount of dust produced depends on the texture and moisture
content of the soil.
Mitigation. The amount of dust can be reduced by spraying sources (such as roads) with water.
ReferenceT EPA (1970).
Construction Scars
Definition . Areas of exposed subsoil, rock, or weedy vegetation resulting from construction
operations.
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Impact. Construction scars may result from clearing, grubbing, stripping, excavation,
"grading, removal of materials, blasting, building demolition, pavement demolition,
temporary buildings, concrete placement, and surfacing.
I nteraction with other attributes . Scenic views, vegetative cover, and soil erosion may be
affected by construction scars.
Mitigation. Any construction scars left after the project is completed should be smoothed
over and replanted with native vegetation.
Man-made Features
Definition. Any man-made object visible in the landscape.
Impact . The impact of man-made features depends on the location. In an area which is con-
sidered to have much natural scenic beauty, man-made features would probably have an
adverse impact. In an area which is already heavily settled or which has little or
nothing of scenic interest, additional man-made features would have no serious adverse
impact. Specific activities which may cause an impact are placement of materials, grad-
ing, removal of materials, concrete placement, pile driving, fencing, building erection,
and temporary buildings.
Int eraction with other attributes . Man-made features would interact with construction scars,
scenic views, landscape variety, and vegetative cover.
Mitigation. Some impact is probably unavoidable, since very large objects such as dams can-
not be made inconspicuous. Smaller objects such as buildings can, by proper design and
careful location, be made to blend in with the landscape.
Reference . McHarg (1969).
Scenic Views and Unique Features in the Landscape
Definition . Any view or object in the landscape which is interesting or aesthetically
pleasing to the observer.
Impact . Clearing, stripping, excavation, placement of materials, grading, removal of mate-
rials, blasting, concrete placement, surfacing, and building erection may have an ad-
verse effect on this attribute.
Interaction with other attributes . Scenic views and unique features may be influenced by
construction scars, man-made features, landscape variety, and vegetative cover.
Mitigation . Impairment of the quality of scenic views and damage to unique features is
sometimes unavoidable, but should be kept to a minimum by careful planning.
Reference . McHarg (1969)
.
Landscape Diversity
Definition . The number and variety of different objects and views within a particular
landscape. High diversity is often considered to be aesthetically pleasing.
Impact . Landscape diversity may be decreased by clearing, stripping, excavation, place-
ment of materials, grading, removal of materials, blasting, concrete placement, sur-
facing, and building erection.
Interaction with other attributes . Landscape diversity may be affected by construction
scars, man-made features, and vegetative cover. It may affect scenic beauty and unique
features.
Mitigation
. Adverse impacts are probably unavoidable in some projects, but can be mitigated
by removal of construction scars, proper design and placement of buildings, and plant-
ing of vegetation.
Reference
. McHarg (1969).
Vegetation
Definition
. The aesthetic aspect of vegetation is concerned with the abundance and variety
of plants in an area.
Impact
. Adverse impacts on the aesthetic quality of vegetation may result from clearing,
grubbing, stripping, excavation, placement of materials, grading, compaction, removal
of materials, blasting, concrete placement, surfacing, building erection, filling the
reservoir, and flood-control operations.
Interactions with other attributes . Vegetation has an effect on scenic views, landscape
diversity, "open and green space," and outdoor recreation. It is affected by construc-
tion scars, man-made features, and weedy vegetation.
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Mitigation . Some destruction and disturbance of the vegetation is unavoidable in a reservoir
project, but unnecessary disturbance should be avoided. Restoration of vegetation con-
sists of replanting in areas which have been disturbed.
Reference . McHarg (1969)
.
Water Quality
Definition . The aesthetic aspect of water quality depends on degree of turbidity, presence
or absence of objectionable tastes and odors, floating trash and debris, and algal
blooms
.
Impact. Construction and operation activities which have adverse impacts on water quality
aesthetics are those which indirectly increase turbidity for one of two reasons: 1) be-
cause of soil erosion by flowing water during construction; or 2) because of shoreline
erosion by waves after the reservoir is filled. Operations which may indirectly affect
water quality are clearing, grubbing, stripping, excavation, blasting, loading-hauling,
grading, removal of materials, and filling the reservoir with water.
Interactions with other attributes . Water quality may affect scenic views and aquatic eco-
systems. It may be affected by erosion of soil by waves and flowing water.
Functional relationships . Turbidity is directly related to the amount of particulate matter
suspended in the water, which depends on amount of exposed soil, soil texture, rainfall
amount and intensity, and amount of shoreline exposed to wave action.
Mit igation . Prevention of excessive turbidity depends on prevention of soil erosion.
Reference . Buckman and Brady (1969).
Noise
Definition. Unpleasant or undesirable sounds.
Impact . Most construction activity produces noise. Blasting is probably the only process
which produces noise loud enough to be objectionable to persons outside the construc-
tion area.
Interactions with other attributes . Noise may have an effect on public health and on wild-
life within the project area.
Mitigation . Since construction noise is temporary and mostly limited to the construction
area, probably no mitigation is necessary except for providing workers with protection
from noises which may damage hearing.
Reference . Bragdon (1971).
SURFACE-WATER QUALITY
Physical Attributes
Color
Definition . The perceived spectral composition of light emerging from the surface of water.
Impact . Excavation, clearing of vegetation, loading and hauling, grading, and stripping
may affect water color during and soon after construction through the increased tur-
bidity caused by erosion of the soil. When the reservoir is filled, leaching of organic
material from the inundated vegetation and soil may give the water a dark color for a
few months. However, no long-term changes in water color are anticipated as a result
of construction or operation of a reservoir.
Interactions with other attributes . No significant interactions are known.
Functional relationships . To date, no studies have been undertaken concerning color in
river water. A number of lake studies are summarized by Hutchinson (1957).
Mitigation . Control of soil erosion to reduce turbidity is probably the only mitigation
procedure required.
Discharge
Definition . The volume of water flowing past a given point per unit time.
Impact . Flood-control operation of a reservoir changes discharge rates downstream and mod-
ifies rates in the upper reaches due to the backwater effect.
Interactions with other attributes . Loadings of several substances, including phosphates,
nitrates, pesticides, iron compounds, and particulate matter significantly correlated
with stream discharge into the reservoir. Changed discharge rates from the reservoir
may affect species composition of the downstream biota.
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Functional relationships . A number of regression equations have recently been derived for
the relationships between stream discharge and certain chemical substances in the wat<
of certain streams. (See section on chemical attributes, pages 25-27.)
Mitigation. There is some evidence that certain chemical parameters in an impoundment may
be manipulated by varying outflow relative to inflow (Brigham and Gnilka, 1973).
Redox Potential
Definition. A physical measure of the chemical equilibria which exist in solutions.
Impact . Filling the reservoir with water may have a severe temporary effect on redox poten-
Tial because of the decomposition of inundated terrestrial vegetation and soil organic
matter.
Interaction with other attributes . Redox potential is directly related to the oxidation-
reduction state of a system. Therefore, any change which affects oxidation or reduction
affects redox potential. Inadequate treatment of industrial or municipal wastewater
causes a reduction in dissolved oxygen, which generally adversely affects redox potential,
Functional relationships . A low redox potential is indicative of chemical reduction reac-
tions. Reduction of ferric iron to ferrous iron depresses the redox potential to 0.2-
0.3 v. A redox potential greater than 0.3 v. is generally considered desirable.
Mitigation. Low redox potentials can be avoided by limiting the introduction of oxygen-
depleting substances into the water. The temporary depression of redox potential in
new reservoirs can be expected to disappear within a few years and in most cases re-
quires no mitigation. In severe cases (Brigham and Gnilka, 1973) manipulation of out-
flow rates may be desirable.
Turbidity
Definition. A measure of the ability of suspended and colloidal materials to diminish the
penetration of light through a liquid.
Impact. Since turbidity of streams and lakes results mostly from suspended soil particles
removed from the land by runoff, any activity which promotes soil erosion by running
water will increase turbidity. Construciton activities which may have adverse impacts
on turbidity are clearing, grubbing, stripping, excavation, loading-hauling, grading,
blasting, and the construciton or relocation of roads. Increases in turbidity from
construction activities are temporary and will disappear when the construction phase
ends. In some cases, erosion of shorelines by waves will cause turbidity in the com-
pleted reservoir. Generally, turbidity will be decreased downstream because of set-
tling of suspended material in the reservoir.
Interactions with other attributes . Turbidity has strong effects on water temperature,
total iron concentration, and total phosphate concentration. The greatest impact on
turbidity results from upstream agricultural practices.
Functional relationships . Turbidity in the water column results in higher water temperatures
because of the greater absorption of incident solar radiation. Turbid water also has
higher concentrations of total phosphates and total iron because of the association of
these substances with the suspended soil particles.
Mitigation
. The short-term changes in turbidity resulting from construction activities can
be reduced by the use of erosion-control practices such as replanting of vegetative
cover on disturbed areas and scheduling of major disturbances to soil and vegetation
during the dry season.
Water Temperature
Definition
. A measure of the mean molecular kinetic energy at a specific location in a
body of water.
Impact
.
Direct impacts of reservoir construction and operation activities on water tempera-
ture are very minor. This attribute is included because of its relationship to other
water-quality attributes.
Interactions with other attributes . Temperature affects the solubility of many substances
in water and also is a controlling factor in the metabolic rates of the aquatic biota.
Carbon dioxide, nitrite nitrogen, and ammonia show high positive correlations with
water temperature. Water temperature is affected by turbidity.
Functional relationships
. At high temperature, gases are less soluble in water than at low
temperatures. This tends to reduce concentrations of dissolved oxygen. However, in many
cases, dissolved oxygen remains high in warm waters because of increased photosynthetic
activity of the aquatic flora at high temperatures. In general, a 10°C rise in
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temperature results in a doubling of metabolic activity in most heterothermal organisms.
The increases in carbon dioxide, nitrites, and ammonia due to high water temperature are
probably a result of the increased metabolic rates of decomposer organisms. Increased
decomposition releases carbon dioxide and reduced forms of nitrogen (nitrite and ammo-
nia) from the breakdown of organic matter. Biological implications are somewhat ob-
scured by organism response to other factors such as autumn leaf fall and changes in
light intensity, which follow seasonal patterns similar to that of water temperature.
Mitigation . None.
Chemical Attributes
Carbon Dioxide
Definition . A gas (at normal temperatures and pressure), the molecules of which consist of
one atom of carbon and two atoms of oxygen.
Impact . No direct impacts will occur from construction and operation activities, but in-
direct impacts may be significant.
Interactions with other attributes . Dissolved carbon dioxide has reciprocal interactions
with pH, total alkalinity, EDTA hardness, carbonates, and bicarbonates. It also usually
has high correlations with water temperature and turbidity.
Functional relationships . Part of the dissolved CO2 reacts with the water to form carbonic
acid, which then dissociates to form hydrogen ions, bicarbonate iron, and carbonate
ions. This ionic equilibrium between H2CO3, H +
,
HCO3, and CO3 interacts with pH. EDTA
hardness is involved in this equilibrium, since it is mostly determined by the car-
bonates and bicarbonates of calcium and magnesium. Turbidity influences CO2 concentra-
tion because suspended soil particles usually contain organic material. Water tempera-
ture affects CO2 concentration through its influence on decomposition of organic mate-
rial .
Mitigation . None.
References . Hutchinson (1957), APHA, AWWA, WPCF (1971).
Chemical Oxygen Demand (COD)
Definition . The amount of oxygen required to completely oxidize all reduced substances in
a water sample of standard size. COD is a composite measurement, typically represent-
ing a combination of organic matter, nitrite, ammonia, sulfite, and sulfide.
Impact . Filling the reservoir will temporarily increase COD because of the large amounts
of terrestrial vegetation and soil organic matter introduced into the aquatic eco-
system. (Also see sections on nitrate and sulfur, pages 26 and 27.)
Interactions with other attributes . COD directly depends on concentrations of organic mat-
ter, nitrite, ammonia, sulfite, sulfide, and any other reduced substances which may be
present in the water. It is indirectly affected by turbidity and water temperature.
High COD is detrimental to many species of fish, particularly those which are con-
sidered to be game fish.
Functional relationships . See sections on nitrate and sulfur, pages 26 and 27.
Mitigation . Mitigation of high COD depends on reduction of turbidity and elimination of
pollution from inadequately treated sewage.
Dissolved Oxygen (DO)
Definition . A gas generally found in solution in surface waters.
Impact . DO will generally be low in a new reservoir for a few months because of the oxygen
used in decomposition of inundated terrestrial vegetation and soil organic material.
Interactions with other attributes . DO is affected by turbidity, water temperature, aquatic
flora, and the presence of reduced substances. It has an effect on aquatic fauna and
the oxidation-reduction state of nitrogen and sulfur.
Functional relationships . DO comes from two sources--photosynthesis by the aquatic flora
and atmospheric reaeration (Austin and Sollo, 1969). In lakes and large non-turbid
streams, most DO comes from photosynthesis by aquatic plants. In small, turbid streams,
DO is mostly a result of atmospheric reaeration (Streeter and Phelps, 1925).
Mitigation . Low DO concentrations can only be mitigated indirectly by the reduction of soil
erosion (turbidity effect) and elimination of inflow of inadequately treated sewage
and other oxygen-demanding pollutants.
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Nitrate
Definition. An ion consisting of one atom of nitrogen and three atoms of oxygen, with a
charge of -1.
Impact . Construction activities which encourage runoff and erosion increase NO3 concentra-
tions in surface water. Specific impacting activities are clearing, grubbing, stripping
grading, excavation, and road building.
Interactions with other attributes . Nitrate loadings in a stream show negative correlations
with water temperature and COD, and positive correlations with EDTA hardness and dis-
charge. DO has an effect on nitrates under certain conditions. Nitrate concentrations
will affect productivity of aquatic flora, since NO3 is one of the principal nutrients
required by growing plants.
Functional relationships . A highly significant expression relating nitrate to discharge has
been derived from data obtained in the Upper Sangamon River Basin (Brigham, in Bell and
Johnson, 1974a). Relationships in other river basins may be somewhat different.
Mitigation. None
.
Phosphorus
Definition . A chemical element necessary for metabolism, growth, and reproduction of or-
ganisms.
Impact . Activities such as clearing, grubbing, excavation, grading, and stripping which
contribute to increased runoff and erosion may have adverse impacts on phosphorus.
Interactions with other attributes . Phosphorus concentrations in streams and lakes are in-
fluenced by discharge and turbidity, having a high positive correlation with both.
Phosphorus in soluble form (usually as PO4, HPO4, H2PO4) is necessary for all organisms,
but if it occurs in excessive concentrations in lakes it may cause nuisance algal blooms
Functional relationships
. Phosphorus generally exists in surface water as a phosphate. It
occurs both as simple ionic orthophosphate and as bound phosphorus in soluble and par-
ticulate form. In lakes only about 10 percent or less is present as simple ions which
are readily available to aquatic plants (Hutchinson, 1957). The bound form is con-
tinually released by bacterial action, so in flowing water fertility is measurable
in terms of total phosphate. A highly significant relationship between total phosphate
and turbidity has been derived from data obtained in the Upper Sangamon River Basin
(Brigham, in Bell and Johnson, 1974a). The ease with which turbidity can be measured
as compared to total phosphate makes such a relationship extremely useful in water
quality studies. The main sources of phosphate in streams are rainfall and the land
surface. Sawyer (1974) found that running water in Wisconsin received an average of
0.38 kg of phosphorus per hectare per year in runoff. Owen and Johnson (1966) gave
similar figures for southern Ontario and concluded further that nearly all of this
phosphorus reached the stream via bank erosion.
Mitigation
. None.
Sulfur
Definition
.
Sulfur generally exists in surface waters in three forms --sulfate (SO4) , sul-
fite (SO3)
,
and sulfide (S= ) . Sulfate is the fully oxidized form of sulfur and is the
most frequently encountered form.
Impact
.
Impoundment of streams containing sulfate frequently results in the formation of
hydrogen sulfide, a toxic gas which dissolves readily in water. Brigham and Gnilka
(1973) found that inundation of large amounts of terrestrial vegetation by the forma-
tion of Lake Shelbyville, Illinois, and the development of an anaerobic hypolimnion
during the first summer of impoundment permitted the development of a large population
of sulfur-reducing bacteria. These bacteria reduced sulfate to sulfide and produced
sufficient concentrations of hydrogen sulfide to cause several fish kills. The effects
of this condition were worsened by the outfall of sulfide-rich water through the dam
which produced a local but severe air pollution problem.
Interactions with other attributes
. The oxidation state of sulfur is influenced by COD and
DO. The presence of sulfide in relatively high concentration is toxic to the aquatic
fauna and may result in fish kills. Sources of sulfur include runoff from the land,
rainfall, decomposition of sulfur-containing organic matter, and leaching from coal
mining operations. Nearly all of this sulfur is in the sulfate form or is soon oxidized
to that form.
Functional relationships
. Sulfate shows high correlations with three other water quality
parameters (Brigham, in Bell and Johnson, 1974a) --total alkalinity, total dissolved
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ionizable solids (positive), and ferrous iron (negative). The nature of the positive
relationships is unclear, but the negative relationship with ferrous iron (a reduced
form) probably relates to conversion of sulfate to sulfite or sulfide when conditions
are favorable for the production of ferrous iron.
Mit igat ion . The principal problem resulting from sulfate in water is the potential for
sulfide formation upon impoundment. Autumn or winter filling of a new reservoir would
avoid the introduction of much sulfur-containing organic matter, thereby reducing the
organic substrate available to sulfur-reducing bacteria. Maintenance of an oxygenated
hypolimnion during the first few years of impoundment would eliminate reducing con-
ditions under which sulfides are formed. In the event that sulfide is produced, air
pollution at the dam may be avoided by having provision for cpilimnion withdrawal.
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APPENDIX
The following was prepared from unpublished information supplied by Robert Riggins of
the U.S. Army Construction Engineering Research Laboratory, Champaign, Illinois. The com-
plete document from CERL describes the operations and activities involved in the construc-
tion, operation, and maintenance of an earth-fill dam.
The section included here lists the construction operations and the activities associ-
ated with each operation. Activities considered to have major environmental impacts are those
listed in this appendix plus the operational activities of filling the reservoir with water
and operating it for flood-control purposes.
CLEARING
Activities include: cutting trees that are too big to be uprooted; dragging trees to
the disposition site; cutting trees to standard lengths; stockpiling, loading, and trans-
porting wood; uprooting brush and pushing it to the disposition site; chipping brush; scat-
tering and stockpiling the chips; loading and transporting the chips; burning trees and
brush; burying small-sized woody debris; and burying trees and brush in the landfill.
GRUBBING
Activities include: ripping, digging or blasting out stumps and roots; pushing the
materials to the disposition site; loading and transport; and burning the materials or
burying them in the landfill.
STRIPPING
Most stripped materials are unsuitable for use in embankments and are disposed of.
When suitable for use as topsoil and a need exists, the materials may be distributed around
the site.
Activities include: removing topsoil and associated materials; loading and transport-
ing; stockpiling; stabilizing through restoration; depositing materials at the disposal site
through placement; placing materials in the embankment; and distributing materials at the
site.
EXCAVATION
The purpose of excavation is to make an area free from earth materials, either perma-
nently or temporarily, or to obtain the materials for use elsewhere, as in the case of
borrow excavation.
Permanently removed materials are normally excavated, loaded, and transported in a
single operation. Materials to be used in embankments or as fill are usually placed in the
same operation. A scraper is commonly used for cut and fill operations. A power shovel is
commonly used for excavation of large areas at depth. It can load for permanent removal or
scale cast if the material is to be retained for reuse on site. Draglines are used for long
linear excavations at depth. Cranes are used for excavating when other equipment cannot op-
erate. For small scale excavations such as utility trenches, backhoes and trench diggers
are used.
For reservoir construction, scrapers are normally used to borrow and to build the em-
bankment; draghoes are used to excavate long trenches; and backhoes and trenchers are used
for utility excavation.
Common Excavation
Activities include: digging up earth materials; scraping up; sidecasting; stockpiling;
and loading and transport.
Rock Excavation
Most of rock excavation is done with explosives except when the material can be broken
out with other equipment. After blasting, removal of the rock requires only loading and
transport
.
Activities include: drilling holes; loading explosives; detonating; loading and trans-
port; stockpiling; and stabilizing.
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STOCKPILING
Stockpiling actually involves only the use of space for placing materials. Minimum
disturbance to the site is desired.
Activities include: piling materials in selected areas through placement; erecting
containment structures through placement and fastening; and removing materials using load-
ing and transport.
LOADING AND TRANSPORT
Loading may be associated with excavation. (See page 29.) Bulk materials are usually
loaded with a front-end loader. Other materials are loaded by hand, lift truck, or crane.
Materials may be picked up and placed using one piece of equipment. All transport equip-
ment except trucks fall into this category. They are used when transport distances are very
short or when materials are to be elevated.
Activities include loading and transporting materials.
PLACEMENT
Activities include placing earth/bulk and other materials.
FASTENING
Activities include welding, nailing, bolting, screwing, riveting, mortaring, stapling,
and gluing.
GRADING
Activity involves moving earth materials to a selected site.
COMPACTION
Activities include compressing earth materials by successive overpasses with equipment,
by stockpiling overburden, by natural settlement, and by water application.
CUTTING-SHAPING
Activities include cutting materials, drilling holes, grinding, and sanding.
CHIPPING
Activities include feeding materials into chipper, stockpiling chips, and loading
and transport.
REMOVING-DISMANTLING
Activities include cutting, excavating, demolishing, stockpiling, and loading and
transport
.
DRILLING
Activities include: positioning and setting up the rig; drilling; flushing the hole
with water; placing materials into the hole; and collecting samples.
BLASTING
Activities include drilling holes, placing explosives, detonating explosives, and
loading and transport.
PUMPING
Activities include excavating wells or sumps, placing hoses and pumps, and operating
the pumps.
PLACING CONCRETE
Activities include: erecting prefabricated metal or fiberglass forms; erecting timber
forms; cutting, placing, and fastening reinforcing bars; placing , finishing, and curing con-
crete; and removing the forms.
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SURFACING
Activities include: grading and compacting; placing oil, sand or gravel, bitumen,
bricks, concrete, and/or asphalt; and compacting or curing.
Oil, sand or gravel, and bitumen are often used for temporary and permanent roads,
whereas brick, concrete, and asphalt are used for permanent roads only.
PILE DRIVING
There are three different types of effects for which piling is used: (1) To provide
foundation support for buildings, bridges, or heavy stationary equipment. Timber or con-
crete piles are driven in clusters of various numbers and are usually capped with concrete.
(2) To shield erodable areas from wave action or streamflow. Steel sheetpiling is commonly
used for this. The piling is driven to form a wall and fill is placed behind to provide
support. The piling may be driven to form cells which are then filled to become a protec-
tive structure. (3) To keep earthen materials in place. Steel sheetpiling is also commonly
used for this. It is driven to form a wall which holds the materials in place. Both retain-
ing walls and protective walls are tied back into the earthen materials with steel rods and
anchors spaced every 10 to 20 feet apart.
Activities include: transporting piling (timber, steel, or concrete) to the site;
stockpiling at the site; transporting piling to the placement location; positioning and
operating the pile driver; cutting excess protrusions away; fastening pilings together;
excavating to install tie-back anchors; installing anchors; and placing earthen materials
behind piling.
FENCING
Most fencing around reservoir areas is used for either security purposes or to control
livestock. Security fencing usually consists of a chain-link fence with metal posts. Con-
crete is often used to fill around the posts after they are placed. Barbed wire is commonly
used to control livestock. Posts may be wooden or metal. Metal posts are driven into the
ground without need of post holes.
Activities include: excavating post holes; placing posts; filling and tamping around
posts; stringing wire fencing; and placing and fastening wooden fencing.
BUILDING ERECTION
Cutting and shaping is usually done by hand using power tools Or torches.
Transport of light materials (80#) to the placement location is usually done by hand.
Transport of heavier materials is usually done by crane, often one temporarily erected at
the site.
Activities include: transporting materials to the site; stockpiling, cutting and shap-
ing materials; mixing mortar or concrete; transporting materials to the placement location;
placing and fastening materials; applying liquid materials ; and transporting waste materials
from the site.
BUILDING MOVEMENT
Activities include: excavating around the foundation; raising the building on jacks;
backing a trailer under the building; lowering the building onto the trailer and transport-
ing it to a new site; and lifting the building from the trailer and lowering it onto a new
foundat ion
.
BUILDING DEMOLITION
Activities include: smashing the building; ripping it apart; blasting; watering for
dust control; pushing debris into piles; loading and transport; placing earthen materials
over the site; and restoring the site.
PAVEMENT DEMOLITION
Activities include: breaking up the surface; loading and transport; grading; removing
appurtenances; and restoring.
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BATCH AND AGGREGATE PLANTS
Activities include: loading and transporting bulk materials; washing, crushing, sepa-
rating, mixing, and heating materials; and again loading and transporting materials.
Washing, crushing, and separating are associated with aggregate production. Mixing and
heating are associated with asphalt and bitumen production. Concrete production involves
mixing of materials and water.
TEMPORARY BUILDING ERECTION
The erection of temporary buildings differs from the usual case in that the site is
disturbed in the least amount possible.
Activities include building erection, building removal, and restoration.
VEHICLE AND EQUIPMENT MAINTENANCE
Activities produce petroleum waste products, metallic wastes, and polluted waste waters.
Petroleum products are stored in tanks and containers.
Activities include fueling, lubricating, adding and changing oil, washing, repairing,
and maintaining.
RESTORATION
Restoration serves two purposes: 1) landscaping and beaut ification , and 2) the pre-
vention of erosion.
Activities include: moving earth materials to desired grade; excavating for planting;
placing plants; and spreading seeds, mulch, and retaining nets or mats.
The Illinois Agricultural Experiment Station provides equal opportunities in programs and
employment.
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Although generally less significant than needle fall,
precipitation results in a transfer of nutrients to the forest
floor. Much of the rainfall entering a forest is intercepted in
the canopy and temporarily retained, eventually reaching
the ground as stem flow or throughfall. (See definitions
below.) However, a sizeable portion may be lost through
evaporation.
The amount of interception is a function of the storage
capacity of the surface of the vegetation, the evaporation
rate during precipitation, and the amount of precipitation
per shower [Kittredge, 1948]. The storage capacity de-
pends on the crown structure, leaf or coniferous needle size
and arrangement, and leaf or needle density. Interception
increases with storm intensity and duration, until the
canopy storage capacity is reached. Additional water strik-
ing the foliage will then displace water that has already
been intercepted.
"Throughfall" is the rainfall that reaches the ground
directly through the vegetative canopy, through openings,
and as drip from leaves, twigs, and stems [Zinke, 1967].
The concentration of nutrients in throughfall is usually
greater than concentrations obtained from open plots
[Madgwick and Ovington, 1959; Mes, 1954; Ovington,
1962]. This increase has usually been attributed to the
li iching of elements from tin [eaves, thus representing a
circulation of elements from plant to soil. The suggestion
has also been made that washing atmospheric particles from
the leaves by rain may contribute to the chemical composi-
tion of throughfall, thus representing an addition of ele-
ments to the cycle [Attinwell, 1966] . The patchy distribu-
tion of throughfall under a canopy makes it very difficult
to obtain reliable values for throughfall quantity. Likewise,
the chemical composition of the throughfall is quite vari-
able and depends on several factors, including the amount
and type of organic matter with which the water tomes
into contact and the intensity and duration of the rainfall.
Thus, in passing through different trees or different parts of
the same tree, the same quantity of water may come into
contact with different amounts of organic matter and may
yield different quantities of throughfall, showing entirely
different nutrient concentrations.
"Stemflow" is the portion of intercepted water that
reaches the ground by running down the stems. The role of
stemflow is relatively minor, accounting for 1 to 15 percent
of total precipitation, depending on the storm character-
istics, species, and canopy characteristics involved [Voight,
I960]. The chemical composition of this water is usually
altered by the leaching and washing of foliage and branches
and by the accumulation of organic matter as the water
passes down the brandies and stem to the soil.
Before reaching the soil, throughfall musl also .
through the forest floor. This litter layer forms another
obstacle to water flowing into the soil. Some water is
retained and later returned to the atmosphere b\ evapora-
tion. The water that does pass through into the soil is
further enriched by nutrients leached from the litter, thus
increasing the nutrient return to the soil.
PURPOSE
The primary purpose of this study was to characterize
nutrient transfer into the soil by leaching processes and to
contrast nutrient release 1>\ throughfall and stemflow from
two species on the same site. The second.u\ goals were to
determine (1) the amounts of precipitation retained bv tree
crowns and lost through evaporation, sublimation, and
absorption; .md (2) the water-holding capacity of the
a< ( umulated litter layer.
DESCRIPTION OF THE STUDY AREA
The study was conducted in a loblolly and shortleaf
pine plantation at the University of Illinois Dixon Springs
Agricultural Center, in the Shawnee National Forest in
southern Illinois. Loblolly (Pinus tarda L.) and shortleai
pines (Pinus echinata Mill.) were planted in 1949 at various
spacings as part of an experiment to determine the effect of
spacing on tree growth. The plots chosen for this study had
an 8- by 8-foot spacing, and were half an acre in size. The
soil underlying the plantation is of the Grantsburg series
(ochreptic typic fragidualf), which has a moderately well-
developed fragipan at approximately thirty inches.
MATERIALS AND METHODS
Two plots, one for each species, were sampled in this
study. The arrangement of equipment in a plot is shown in
Figure I. Total precipitation was measured by two gages
^Research supported by Mclntire-Stennis Proji i t 5 ''-JOS.
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Figure 1. Plot iayout. One 8- by 8-foot spacing, showing
placement of collection devices: (R) total rainfall collection
gages, (T) throughfall collection gages, (I.) litter teachate
collection pans, and (S) stem flow "gutters."
placed in open fields adjacent to the study site. Samples
were collected after every significant rainfall and analyzed
for K, Ca, Mg, P, NO3, and NH4. Throughfall was measured
by three standard rain gages per plot. One gage was placed
adjacent to the stem, one halfway to the center of the plot,
and one at the center of the plot. This arrangement reduces
the error from variability in throughfall due to the grada-
tion of crown thickness from stem to periphery. Collections
were made at the same time as rainfall, and samples were
pooled for each plot for analysis.
Stemflow was collected by sealing a three-inch wide
aluminum "gutter" in a descending spiral around each of
two trees per plot. A pipe was fixed to the base of each
spiral gutter. The pipe carried the stemflow to an under-
ground plastic-lined tank, where the flow was stored until it
was measured and sampled.
Litter leachate was measured in each plot by carefully
lifting four, 1-foot square, precut sections of the natural
litter layer and placing each in a separate hardware cloth
basket, L-foot square by 1/4-inch deep. The basket and duff
layer were then placed on a shallow leachate collection pan
of the same size as the basket and returned to the same
location from which the section of duff had been removed.
After each precipitation period the leachate collected in the
pan was measured and sampled.
The study period extended from October 20, 1970, to
October 29, 1971, and included 35 collection periods.
Rainfall accumulations ranged from 0.32 inch to 4.23
inches (a result of several closely spaced storms).
Total inputs were determined by multiplying the con-
centration of each nutrient in each component of water
flow by the amount of water accumulated in that compo-
nent per year. An analysis of the samples was made by
atomic absorption spectrophotometry for Ca, Mg, and K.
Phosphorus was measured by colorimetric and nitrogen by
the Phenoldisulfonic Acid method for nitrate and the
Phenate method for ammonia [American Public Health
Association, 1971 | .
RESULTS AND DISCUSSION
Because both species arc the same age, on the same site,
and subject to the same rainfall, any differences noted are
primarily due to characteristics of the species. Loblolly has
longer needles and a more clustered medic arrangement,
which should enhance interception dnd the storage of
precipitation.
Throughfall. Loblolly allowed 70 percent of the rainfall
to drop to the forest floor as throughfall; shortleaf, 84
percent. This interception has a definite effect on the
nutrient movement through each system, which is a func-
tion of the amount of water and the nutrient content of the
water. While significant (P<0.05) and comparable increases
in concentration of K, Ca, Mg, and P were found in the
throughfall under each species (Table 1), the differences in
water volume were more important in determining nutrient
flow by this method. However, the throughfall and the
nutrients it contains must still pass through the litter layer
before reaching mineral soil.
Stemflow. This is the second mode of nutrient transfer
to the forest floor in precipitation. The nutrient concentra-
tions in stemflow were also significantly higher (P<0.025)
than those found in rainfall (Table 1). This is understand-
able because all stemflow originates as intercepted water.
Stemflow volumes are relatively low, thus that contribution
to the water and nutrient budgets of an ecosystem is small;
however, this contribution is probably significant because
of its localized distribution. The absorption area for stem-
flow is limited to a rather small area closely adjoining the
fable 1. Mean Concentrations of Nutrients in Various Components of Precipitation
Concentrations (mg./l) a
Rainfall Throughfall Stemflow Litter
Lob.
leachate
Lob. Short. Lob. Short. Lob. Short. Short.
K <1.86 <1.86 2.77 2.90 4.18 4.50 5.43 5.17
Ca <1.40 <1.40 3.20 3.06 3.40 4.59 3.66 4.58
Mg <0.30 <0.30 0.61 0.61 0.80 0.86 1.46 1.27
P <1.03 <1.03 <1.26 <1.18 <1.23 <1.66 <2.93 <2.20
NO3 <0.76 <0.76 <0.76 <0.75 <0.74 <0.71 <1.00 < 1.01
NH4 <0.76 <0.76 <0.75 <0.76 <0.75 <0.69 <0.95 <0.88
"Less than" concentrations used in computing such means were regarded as "equal to"; therefore,
those values represent maximums.
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Figure 2. Yearly distribution of water in the various
components of precipitation.
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Figure 3. Distribution of nutrients in the various compo-
nents of precipitation on a yearly basis.
stem of the tree [Voight, 1960] . The water seems to follow
the stem down through the litter layer and spread for a
short distance along the interface between the lowest layer
of litter and mineral soil. This concentration of water in a
relatively small area around each tree probably increases its
ability to efficiently utilize each rainfall, especially the ones
that produce little throughfall.
While nutrient enhancement in stemflow was about the
same in both species (Table 1), great differences were noted
in the volume of stemflow. This probably reflects the
higher rate of rainfall interception by loblolly pines. There
is a considerable difference in the ability of the bark of red
and white pines to absorb stemflow [Voight and Zwolinski,
1964]. However, this phenomenon probably is not as
significant in the case of shortleaf and loblolly pines.
Loblolly foliage retained 3 million liters per hectare of
water per year; shortleaf, only 1.6 million liters per hectare
per year (Figure 2). Both species channel approximately the
same portion of this interception to stemflow, about 33
percent in loblolly and 35 percent in shortleaf. Because of
the distribution of this water and its relatively high nutrient
concentrations, stemflow contributions to the nutrient
cycle are probably more important than the figures indi-
cate.
Interception by litter. While the biomass of the litter
under loblolly was slightly higher than that of shortleaf,
36,7 7") and 33,590 kilograms per hectare, respectively, the
loblolh littei was about twice as thick, about 4 inches
compared to 2 inches for shortleaf. This mainly reflects a
difference in the packing of the needles. The shorter
needles of shortleaf tend to pack tighter, forming a thinner
and denser layer.
More water was retained by loblolly litter because more
was required to wet the deeper layer. This results in a
potentially greater loss of water through evaporation. Al-
though a thin litter layer allows more water to pass
through, in ponderosa pine during dry summer periods
when moisture can be critical, a deeper litter can help
protect soil water from evaporation [Rowe, 1955]. Thus,
loblolly litter may give better soil protection. This can be
especially critical in the soil under the study plots because
of its relatively impermeable fragipan that restricts water
movement.
The storage capacity of each litter layer is reflected in
the difference between the volumes of throughfall and litter
leachate. Loblolh litter lost 52 percent of the incoming
throughfall to evaporation, while shortleaf litter lost only
30 percent. Coupled with the difference in throughfall
entering the litter of each species, this resulted in great
differences in the amounts of water entering the soil under
each species. Under loblolly 3.5 million liters per hectare
entered the soil, while 6.1 million liters per hectare passed
through the shortleaf litter. These differences, resulting
from species characteristics, largely determined the amount
of nutrient transfer by precipitation through each species.
However, the actual gain in soil moisture levels may be
minimal in many instances because of the soil profile being
saturated above the fragipan.
The concentrations of nutrients in the litter leachate ot
both species were- very similar. By the evaporation of water
retained in the litter and leaching of nutrients from the
litter, the concentrations of all nutrients analyzed, includ-
ing NO3 and NH4, were significantly greater than through-
fall (P<0.025). The total amount of nutrients added to the
soil is, therefore, directly related to the amount of water
that enters the soil (Figure 3). This seems to indicate that
more nutrients are probably transferred into the soil by
precipitation under shortleaf pine than under loblolly pine.
CONCLUSIONS AND SUMMARY
The amount of nutrients cycled through an ecosystem
by leaching pro< esses depends on the movement of water
through the system. This flow is largely regulated by species
characteristics. The water that reaches the foresl soil is
enriched by nutrients absorbed from the atmosphere,
leached or washed from the aerial portions of the trees in
the form of throughfall and stem flow, and added from the
duff or litter layer on the forest floor. The enrichment of
the water is very similar foi the two species studied. The
main differences are in the water retention and channeling
abilities of each species. Loblolly pine showed a greater
capacity for aerial interception, which resulted in less water
and fewer nutrients reaching the floor as throughfall and
more being channeled to the soil as stemflow. The contribu-
tions of stemflow may be more important in terms of
effects on tree growth than the figures indicate because of
its concentrated distribution in the vicinity of the tree
roots. The storage capacity of the litter under loblolly pine
was much greater than that of shortlcaf. primarily due to
the thickness of the loblolly litter. This factor, as well as
greater interception and retention, resulted in smaller
amounts of water and associated nutrients being returned
to the soil under loblolly pine than under shortleaf.
The results of this preliminary study indicate differ-
ences in the effect of the loblolly and shortleaf pine species
on water movement and the cycling of nutrients in precipi-
tation, which, in turn, are likely to affect the growth
pattern of these species.
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NUTRIENT FLUXES IN LITTER FALL IN A CENTRAL ILLINOIS WOODLAND 7
Gary L. Rolfe 2
This study was designed to increase our understanding
of nutrient cycling processes in central Illinois woodlands.
The specific objective was to evaluate the role of litter fall
in nutrient return to mineral soil.
DESCRIPTION OF THE STUDY AREA
Brownfield Woods, a 24.3-hectare woodland in Cham-
paign County, Illinois, maintained by the University of
Illinois as a natural area, was the studv area. This stand is
dominated by sugar maple (Acer saccharum Marsh) and is
mixed mesophytic in composition (Boggess and Bailey,
1964) with a basal area of 114 square feet per acre (26.18
square meters per hectare). Other important species are red
oak (Quercus rubra L.), bur oak [Quercus macrocarpa
Michx.), and basswood (Tilia americana L.)
METHODS
For two years litter was collected at monthly intervals
(except during peak litter fall) from 48 one-meter-square
(m-) litter traps randomly located within the woodland.
The litter collected was separated into three categories:
leaves, reproductive parts, and branches and twigs. The
samples were ovendried at 105 C, weighed, and analyzed
for Ca, Mg, K, Na, P, and N. Cation analyses were by
atomic absorption spectrophotometry. Phosphorus analysis
was done using colorimetric techniques as described in
Methods of Analysis (1945). Total nitrogen was done using
the Kjeldahl method (Methods of Analysis, 1945).
RESULTS AND DISCUSSION
Total mean annual litter fall (ovendried weight), includ-
ing leaves, branches and twigs, and reproductive parts, was
520 grams per square meter (standard deviation = - 62.7
g). Leaves were by far the major litter component (73
percent of the total litter) and showed autumn maximum.
Reproductive parts, mostly acorns, made up 14 percent of
the total also with an autumn maximum. The branch and
twig fraction of the litter showed no seasonal trend and
made up the remaining 13 percent.
Most of the annual leaf litter fall is rapidly decomposed
by the following growing season in this woodland. The 48
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Figure 1. Total annual nutrient return for all litter
components.
plots sampled in early July for leaf litter accumulation
showed a mean leaf litter accumulation of 190.3
r) ,
g/m-( - 36.2 g). A major portion of this was current leaves,
branches, and acorns, indicating that most of the previous
year's leaf litter had been decomposed and incorporated
into mineral soil.
The total annual nutrient return for all litter compo-
nents is shown in Figure 1. The major nutrient returns were
calcium (6.11 g/m z ) and total nitrogen (4.67 g/m-). The
nutrients were primarily associated with the leaf litter, even
though some nutrient concentrations (Ca) were higher in
twigs and branches and in reproductive parts (X). Total
nutrient inputs to the soil system came primarily from the
leaf litter because of the large amount and ease of decom-
position of leaf material.
Nutrient return per hectare ranged from approximately
61 kg for Ca to 2 kg for N'a with much of these nutrients
being rapidly incorporated into the mineral soil.
1 Supported by Mclntire-Stennis Project 55-308, Illinois Agricultural Experiment Station.
Assistant Professor of Forest Ecology and Environmental Studies.
CONCLUSIONS
Large amounts of nutrients are annually returned to the
soil system in this central Illinois woodland, primarily in
the form of easily decomposed leaf litter. Because of rapid
decomposition, these nutrients are involved in a relatively
rapid nutrient cycle in this woodland ecosystem.
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FERTILIZER AND DISCING ALONE WILL NOT IMPROVE COTTONWOOD
SURVIVAL AND GROWTH ON DEGRADED SOILS 7
A.R. Gilmore, L.E. Arnold, and R.A. Young*
Growth and survival of cottonwood (Populus deltoides
Bartr.) on a field that had been used for 50 years to test
crop rotations with various soil and fertilizer practices have
been reported (Gilmore, 1969; Gilmore et al., 1972). It was
found that tree survival was not affected by past soil
treatments during the earlier growing years but tree mor-
tality did increase during the later years on the less fertile
plots. Growth rates on the more fertile plots are still
increasing after 10 years but have slowed on the poorer
plots.
A number of researchers (Gilmore et al., 1972) have
reported that for good cottonwood growth nitrogen must
be added to the soil. The present study attempts to
determine whether cottonwood growing on the less fertile
plots in the above studies will respond to applications of a
complete (N, P, K) fertilizer so that survival and growth
may equal that on the better plots.
DESCRIPTION OF AREA AND PAST TREATMENTS
The test area is located in extreme southern Illinois on
the same experimental field used previously for similar
studies (Gilmore, 1969). The soil type is a Cisne silt loam
(Mollic Albaqualfs), a nearly level, poorly drained soil that
developed in 50 to 127 cm (20 to 50 inches) of loess over
weathered glacial drift. This soil is characterized b\ a
well-developed clay pan, about 80 cm (32 inches) below the
surface in one experimental section (Block I) and 90 cm
(35 inches) below the surface in the second section (Block
II); the clay pan impedes both root penetration and the
downward movement of water. The soil's available moisture
capacity is high, and natural fertility is low. The native
vegetation was prairie grasses.
Previous treatments to the area, which was operated as
part of a livestock system and utilized barnyard manure,
were reported by Gilmore (1969). Plots were treated with
manure (M), limestone (L), and rock phosphate (P), applied
singly or in combination. In the present study, Block I and
Block II were each divided into four 0.02-hectare
(0.05-acre) plots, and each plot was treated as follows: O
(no treatment), M, ML, or MLP.
METHODS
That part of the plantation that had been used previously
to test the effects of various root and stem pruning
treatments, season of planting, and methods of planting
(Gilmore, 1975) was used in this study. The same number
of seedlings was used in each residual soil treatment plot
(described above). The 1-0 seedlings from a local seed
source were planted 30 per plot, spaced 3.35 m by 3.35 m
(11' by 11'). Block I was planted in the fall of 1964 and
Block II in the spring of 1965.
Fertilizers were uniformly broadcast on all plots at the
rate of 84 kg/ha X, 28 kg/ha P, and 69 kg/ha K (75, 25. and
62 pounds/acre) during each of the first seven growing
seasons for a total of 588, 196, and 483 kg/ha (525, 175,
and 431 pounds/acre) of N, P, and K, respectively. The
plantation was disced to a depth of 15 cm (6 inches) four
times during the first growing season and twice during each
of the second and third growing seasons.
Seedling mortality was checked at the end of each
growing season through the 1974 season except for the
19 73 season. Total height was measured at the end of each
growing season except for the 1965 and 1973 seasons.
As previously stated, all plots in the study were fer-
tilized. Because a true check plot did not exist, therefore,
data from this study were statistically analyzed onlv to
determine differences between blocks.
RESULTS AND CONCLUSIONS
The results are limited, as there was no true control in
the study, but it is obvious that the fertilizers applied
(luting the first seven years did not improve survival on the
O, ML, and MLP residual plots (Table 1). Mortality, which
continues to increase on the O and M plots, apparently
reached a plateau on the limed plots within four years after
the seedlings were planted. Visual observations indicate that
some trees in the nonlimed plots will die within the next
five years; in the limed plots, however, trees appear to be
healthy and mortality has peaked.
The high mortality following the first growing season can
be explained by the fact that the tops of some cottonwood
seedlings often die back the first year after the seedlings are
planted and are tallied as dead. But a large number of the
seedlings thought to be dead will send out new shoots the
following spring and grow vigorously.
The high mortality in Block I and the difference in
mortality between Blocks I and II arc attributed to black
stem disease (Cytostora sp.). The trees in Block I, planted
Supported in pari by funds from Hatch Project :J;~>-3$3.
Professor, Associate Forester, and Forester.
Table 1. Average percent mortality of trees according to block, year, and past treatment'
Treatment 1965 1966 1967 1968 1969 1970 1971 1972 1974
Bloc k I
O 23 13 23 27 30 43 47 47 47
M 26 17 30 27 30 33 33 33 33
ML 17 23 23 27 30 30 30 27 27
MLP 40 33 37 40
Bloc:k I
40 40 40 40 43
O 20 17 17 17 17 27 33 33 33
M 13 3 10 10 10 17 17 17 17
ML 17 10 10 10 10 10 10 10 10
MLP 13 7 7 7 7 7 7 7 7
Significant differences between blocks at 1 percent level.
in the fall from freshly dug seedlings from the nursery bed,
undoubtedly had the disease organism present, though not
visible, in the stem or roots of some seedlings. The fungus
overwintered in the seedling and killed it if the affected
area was below ground level, with the result that sprouting
could not take place. The disease was not prevalent in the
seedlings in Block II for, even though seedlings were lifted
from the nursery bed at the same time as those planted in
Block I, the seedlings planted in Block II were kept over the
winter in cold storage; during that period most seedlings
with black stem infections developed the conspicuous
symptoms and were culled before the seedlings were
planted the following spring.
Fertilizers may have reduced Cottonwood mortalitv in
the M plots, but it is doubtful that they affected mortality
in the other plots. This is substantiated by results from an
earlier study (Gilmore et al., 1972) conducted on an
adjacent block in the same experimental field. In the earlier
study, which used the same past soil treatments as the
present study, survival average was 74, 72, 94, and 94
percent for the O, M, ML, and MLP plots, respectively, at
the end of eight years. These trends compare favorably with
survival data from the present study, which averaged 67,
83, 90, and 93 percent for the (), M, ML. and MLP plots,
respectively, at age eight.
There was no statistical difference in average height ol
trees between the two blocks; therefore, height data from
both were combined (Fig. 1). When heights at the end of
eight years are compared to heights in the earlier study
(Gilmore et al., 1972), it appears that fertilizer improved
growth on the M plot but not on the other plots. Also, if
growth at the end of eight years is expressed as a percent of
the maximum growth plot (ML treatment plot at the same
age) for each study, growth in the O treatment plot is 62
percent of the maximum in the early study and 60 percent
in this study; for the M treatment plot, 71 percent in the
early study and 8 1 percent in this study: and almost 100
percent for the MLP treatment in both studies.
The () and M plots have been degraded over a 50-year
period and will require more than discing and fertilization
to return the area to its former productive capacity. As
shown by other studies (Clark. 1964), soil structure degen-
erates in old field soils so that adequate hardwood growth
cannot be obtained. The soil structure below the plow layer
in the O and M plots in the study must have degraded to
the stage where cottonwood could not absorb sufficient
nutrients, water, or oxygen for good tree growth. The
remedv for this condition in the degraded plots is to plant
less demanding species such as pines, place organic matter
and fertilizers deep in the soil, or let the area go through
the natural ecological succession, which might take 50 to
100 vears.
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Figure I. Average total tree height per plot, according to
age and treatment.
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IFSAS-THE ILLINOIS FOREST SAMPLING SIMULATOR
Dieter R. Pelz 1
A study of sampling methods is an important part in
the training of foresters. Students should learn the basic
sampling methods and how alternative sampling unit defini-
tions and alternative sample sizes affect the precision of the
results. Furthermore, they should become familiar with
statistical inference: the interpretation of sampling results.
One of the main difficulties in teaching sampling
methods is to relate abstract statistical procedures to real
forest situations, without time-consuming and expensive
field work. The testing of alternative forest sampling
methods requires a large amount of data, which usually
must be collected in the field at high cost—a procedure of
little educational value. If a model of forest sampling can be
formulated, computer simulation may be used to compare
alternative sampling methods without need for extensive
field work and tedious calculations. Forest simulation
models developed for teaching have been primarily in the
field of forest management, as described by Bare (19 70)
and Brodie (1972). Simulation models applied to sampling,
as described by Arvantis and O'Regan (1967), Kulow
(1968), and Schbpfer (1969), were developed mainly for
research purposes.
The Illinois Forest Sampling Simulator was designed for
use by students in a sampling methods course. Students can
conduct experiments and examine the results of alternative
sampling designs without having to spend a large amount of
time collecting data and calculating sample values. In this
way they can add to their educational experience a dimen-
sion not readily available through literature study or actual
experimentation.
Sampling methods that can be compared by means of
IFSAS are simple random sampling, systematic plot sam-
pling, systematic strip sampling, stratified random sampling,
and two-stage sampling. These sampling methods may be
performed with seven different plot sizes (from 0.025 to
1.600 acres), although not all sampling methods may be
performed for all plot sizes. In all, 28 combinations of
sampling methods and plot sizes can be compared.
In the following sections the sampling methods, the use
of IFSAS, input data, and output are described briefly.
SIMPLE RANDOM SAMPLING
Simple random sampling (SRS) can be performed for all
seven plot sizes. IFSAS selects a simple random sample
without replacement of the size specified. The plots are
selected randomly with a pseudorandom number. As sam-
pling is done without replacement, each plot is considered
only once in a sample.
For each sampling occasion, the following character-
istics are calculated:
mean, x
n
2 X
i= 1
standard error, S^ = S /N-n
Vn\ N
;x* - (2X.) 2 /n
n(n-l) N
— +95-percent confidence interval, x _ S_ t
x
where N = population size
n = sample size
t = t-value for (n— 1) degrees of freedom
If the sample size equals 1, only the mean is calculated,
as no degrees of freedom exist for estimating the variance.
If the sample size equals the population size, the standard
error and the confidence interval are zero. The sample size
may not be larger than the population size, as sampling is
performed without replacement.
STRATIFIED RANDOM SAMPLING
If auxiliary information about the population is avail-
able, methods more efficient than SRS can be employed.
IFSAS permits stratified random sampling for 0.025- and
0.100-acre plots in two strata. Sample selection within each
stratum is random, as described for simple random sam-
pling. For the population with 0.025-acre plots, stratum
contains 713 plots and stratum 1 contains 887 plots. For
0.100-acre plots, stratum has 179 plots and stratum 1 has
221 plots. At each sampling occasion, the population
characteristics—the strata sizes and the mean and variance
for each stratum—are displayed. Population elements are
listed the first time stratified random sampling is performed
in each run.
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For each sampling occasion, the following character-
istics are calculated:
the mean for each stratum
n.
2 X.
il
1 i = 1
"1
n 2
2 X
i = 1
n„
i2
The populations, therefore, are redefined in the following
manner:
Plot size Number Strip size Number of
in acres of plots in acres
strip
strips
.025 1,600 Systematic sampling
not allowed
.050 800 .5 80
.100 400 1.0 40
.200 200 2.0 20
.400 100 4.0 10
.800 50 8.0 5
1.600 25 8.0 5
an estimate of the population mean
N
l
x
l
+ N
2
X
2
N 1+ N 2
where N = size of stratum 1
where N_ = size of stratum 2
the standard error of the mean (Husch et al., 1972, p. 217)
2 2
N
1
S
1
2 2
-n
1\ +
N
2 S2
n
1
N
1
N
2
-ng
where N = total population size
N.= size of stratum i
n.= sample size in stratum i
S.= variance in stratum i
1
The sample size in each stratum has to be between 1
and the respective stratum size, as sampling is done without
replacement. If the sample size in any stratum is less than 1
or larger than the stratum size, IFSAS will print the
appropriate error messages and continue to the next
problem.
SYSTEMATIC SAMPLING
Two forms of systematic sampling can be performed:
systematic plot sampling and strip sampling. Systematic
plot sampling can be performed for all seven plot sizes,
systematic strip sampling for plot sizes from 0.050 to 1.600
acres.
For systematic sampling IFSAS will randomly select the
first sampling unit and every k\h unit thereafter. For strip
sampling the sampling unit is an entire row of sample plots.
For systematic plot and strip sampling the actual
sample size may differ from the specified sample size. For
example, if the sample size is larger than one-half the
population size, the entire population will be the sample.
The program calculates for both methods only the
sample mean, as the variance cannot be readily estimated
from a single systematic sample. The specified sample, the
actual sample size, the mean and the value of k are printed
for each sampling occasion.
TWO -STAGE SAMPLING
Sampling may be performed in two stages. In stage 1 a
random sample of primary units is taken, and in stage 2 a
random subsample of secondary units is taken in each of
the selected primary units.
IFSAS defines columns as primary units and plots as
secondary units. This sampling method can be applied to
six plot sizes, 0.050 to 1.600 acres. The mean of the
population is estimated by Husch et al. (1972, p. 221) as
follows:
m n
- = 1_ 2 2 X :
mn j - 1 i = 1
'I
where m = number of primary units in the sample
n = number of secondary units per primary in the
sample
The standard error of the mean is calculated as
2 / \ 2
S
x
=
v"m/
S
b +(1_ mn)' w
m mn
where M = number of primary units
N = number of secondary units per primary
m = number of primary units in the sample
n = number of secondary units per primary
S2 =
B
variance between
S^y= variance within
For two-stage sampling the populations are defined as
follows:
Plot size Number of N urniher of secondaries
in acres primaries
two-stage
per primary
.025 sampling not allowed
.050 10 80
.100 10 40
.200 10 20
.400 10 10
.800 10 5
1.600 5 5
Sampling is performed without replacement: therefore,
the sample size mux not be larger than the number of
primary or secondary units. If the sample size equals 1,
only the mean is calculated, as no degrees of freedom exist
for estimating the variance. If the sample size is larger than
the number of primary or secondary units, IFSAS will print
the appropriate error message and continue to the next
problem.
DATA
The data on which the sampling simulator is based were
collected from a jack pine (Finns banksiana) stand in
northern Minnesota. Basal area was measured for 1,600
contiguous triangular plots of 0.025 acres each (Appendix
2). In addition, strata identifications were recorded for all
plots. This basic population can be redefined by combining
adjacent plots. The computer program allows the
specification of seven different populations that can be
sampled with plot sizes of 0.025, 0.050, 0.100, 0.200.
0.400, 0.800, and 1.600 acres. The parameters of the
alternative populations are shown in Table 1.
Tablet. Population Parameters
Plot size No. of Data Mean Variance
in acres plots matrix ft. /acre ft. 2 /acre
.025 1,600 120x(10or20) 78.74 1,642.56
.050 800 80x10 78.74 1,048.84
.100 400 40x10 78.74 788.18
.200 200 20x10 78.74 548.65
.400 100 10x10 78.74 384.91
.800 50 5x10 78.74 177.08
1.600 25 5x5 78.74 119.82
The variance of the population will differ for alternative
population definitions. The variance decreases with
increasing plot size, as also shown in previous studies
(Arvantis and O'Regan, 1967). The variance equation
derived by regression analysis is of the following form:
1 V = 5.13752
n
0.79550 1 P
n
0.05304(1 P)'
n
where variance in ft. /acre
plot size in acres
denotes the natural logarithm
The multiple regression coefficient R*" equals 0.9909,
and the standard error of the equation is 0.1104. The
computer program, written in Fortran IV for an IBM
360-75, identifies the population parameters for the
selected plot size — the population mean and its variance.
Sampling units are selected from this population according
to the specified sampling method. For each sampling
occasion the sample mean, and if appropriate its standard
error and the 95-percent confidence interval are calculated.
A logical flow chart of IFSAS is shown in Figure 1. and a
listing of the program is in Appendix 1.
INPUT VARIABLES
The input variables are sampling unit definition,
sampling method, and sample size. The input medium is
cards. The variables are read with the format 211. 14, 13.
IFSAS screens all input data and prints the appropriate
error messages, if necessary. For example, if the sample size
specified equals zero, or if a method is chosen in con-
junction with a population size that is not defined. IFSAS
prints an error message and continues to the next problem.
Appendix .3 shows some of the error messages resulting
from incorrect input.
The following gives the input variables and their values:
Variable
name Column
ISIZ 1 Plot = 0.025 acres
1 0.050 acres
2 0.100 acres
3 0.200 acres
4 0.400 acres
5 0.800 acres
6 1 .600 acres
9 Stop
IND
NSAM
MS
NRP
NST0,
NST1
NPRIM,
NSFC
3-6
3-6
3-6
3-6, 7-9
3-6, 7-9
Simple random sampling
1 Systematic plot sampling
2 Systematic strip sampling
3 Stratified random sampling
4 Two-stage sampling
Sample size for simple random
sampling
Sample size for systematic
sampling
Number of rows to be
sampled (strip sample)
Sample size in stratum and
sample size in stratum 1
Sample size of primary units,
number of secondary units
to be selected per primary
The author wishes to express his appreciation to Dr. J.J'. Jokela of the Department ofForestry for making the data available.
In the following, some examples for the use of IFSAS
are given:
1. Select a simple random sample of size 20 from the
population with 0.025 acres.
Column 12 3 4 5 6
2
2. Select a stratified random sample of size 10 from
stratum and size 12 from stratum 1, from the
population with 0.100-acre plots.
Column 1234 5 6789
2 3 10 12
3. Select a systematic plot sample of size 30 from the
population with 0.100-acre plots.
Column 12 3 4 5 6
2 1 30
4. Select a systematic strip sample of size 3 from the
population with 0.100-acre plots.
Column 12 3 4 5 6
2 2 3
5. Select a two-stage sample from the population with
0.100-acre plots. Sample size for the primary units
equals 3 and for the secondary unit 5.
Column 123456789
2 4 3 5
6. Select a simple random sample of size 4 from the
population with 1.600-acre plots.
Column 12 3 4 5 6
60 4
The corresponding output and some error messages
resulting from incorrect input are shown in Appendix 3.
Any number of combinations may be defined for one run.
A card with a 9 in column 1 will terminate a run. The first
time a specific population is sampled in each run, all
population elements are listed.
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FIGURE 1. LOGICAL FLOW CHART OF IFSAS.
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SUA ICULTURAL MANAGEMENT I'SED TO DEVELOP
SIMULATED VIRGIN TIMBER CONDITIONS
Howard It'. Fox and David M. Stenger^
Little if any virgin timber is left in northern Illinois, or
for that matter in the Central States Region. So for
educational purposes and for future research studies, it
would be desirable to establish conditions approaching
those in a virgin forest. If a timber stand that is already
established could be managed silvieulturally to produce
"simulated virgin conditions" within twenty to thirty years,
such a stand would then provide the "virgin" timber that is
non-existent in the Central States Region.
In 1973, a 20-acre block was set aside within the
Sinnissippi Forest in northern Illinois to be managed for
this purpose. We believed that by starting with good-quality
timber on a good site, results would become evident much
earlier than by using a slower-growing or previously mis-
managed timber stand. The 20-acre block chosen for the
study was mostly upland oak of good and medium quality
(Figure 1). The majority of the trees in the upper canopy
were approximately a hundred years old, of good form, and
of desirable species.
STAND HISTORY
Records indicate no fires have occurred in this stand for
the past thirty years. Cut trees show no indication of fire
having been in the stand during its entire development.
Light grazing was done on most of the forest and
including this 20 acres until about 1940, when cattle were
fenced out of the timber. Browsing by deer was quite heavy
until 195 7. That year, the Sinnissippi Forest was opened to
deer hunting on a restricted basis. From 1964 to 1972 the
Forest was closed to deer hunting, but was opened again in
1972 to keep the deer population in check and to reduce
browsing to a minimum.
The history of cutting before 1900 is not known, but
all indications are that this stand was either clearcut or cut
very heavily around 1850 to 1860, probably for railroad
ties and for local construction lumber. Between 1900 and
1947, very light cuts were made for fuel wood and home
building materials.
/ Assistant Professor, Department of Forestry and Assistant
Forester, Sinnissippi Forest, Oregon, Illinois.
The present system of rotation cutting was established
in 1948. During the initial phase of management, a tenth of
the forest was given an improvement cut each year. The
first cutting removed misshapen, overmature, decadent, or
otherwise undesirable trees if they were merchantable; if
not, they were eliminated by girdling. The objective of the
initial cut was to leave the best possible growing stock on
which to concentrate future growth. After the initial cut
was completed in 1959, improvement cuts were continued
using the group-selection method when feasible. Trees not
wanted in the future stand were girdled. Again, a tenth of
the forest acreage was cut each year, removing ten years of
annual growth, or less if growing stock was low, from each
compartment cut.
The silt loam and sandy loam soils in the 20-acre
experimental tract are better adapted to fast timber
growth than are a majority of the soils in Sinnissippi
Forest (Figure 2).
At one time, oak wilt disease (Ceratocystis Fagacearum)
was found in at least two areas of the experimental tract.
The data show that a considerable volume was lost from
1954 through 1966 as a result of oak wilt disease and its
control. However, there has been little oak wilt in this
compartment since 1966, with no salvage cuttings having
been made, since that date.
Table 1 shows that a total of 104,300 board feet have
been cut from the 40-acre compartment since 1948. The
test plot is half of this 40-acre compartment. Table 1 also
shows an initial improvement cut made in 1958, after the
forest was put under intensive management. A second
improvement cut was made in 1973 when this study was
initiated.
PRESENT STAND, 1973
Table 2 shows the composition of the 20-acre stand set
aside for the "simulated virgin timber" management pro-
gram. The data are based upon 19 fifth-acre, plots random
ly distributed by acreage among the three timber types. All
^Himelick, L.B., and H.W. Fox, 1961. Experimental studies
on control of oak wilt disease. Bull. 680, 111. Agr. Exp.
Sta. and 111. Nat. Hist. Survey.
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trees 3.6 inches in diameter breast high (DBH) or larger were
included. The only species less than 8.9 inches DBH were
cherry and elm, found in the "Mixed-oak, good" site.
OBJECTIVES
The management objective for the 20-acre tract is to
produce, in the shortest period of time, a stand that
approaches what would appear to be "virgin timber"
conditions. It was thought that the best silvicultural prac-
tices to use in reaching the objective would be to give the
dominant, full-crowned trees all the crown room they
needed by removing codominant, intermediate and sup-
pressed trees. By creating optimum conditions for these
already dominant trees, the greatest future growth would
be assured.
Table 3 shows what was cut to accomplish this objec-
tive and the condition of the stand that was left. During
this thinning no thought was given to defect or form of the
leave trees since it is well known that in a virgin stand there
are defective trees as well as poorly formed trees. The
thinning was from above to produce maximum crown room
for the leave trees. The form of the leave trees, however, is
quite good because of past management practices on all of
Sinnissippi Forest as previously indicated. Trees less than
8.9" DBH, even though still remaining in the stand, are not
included in the data presented in Table 3 because it is
thought that these trees will be of little consequence in the
final mature stand.
FUTURE MANAGEMENT PRACTICES
Nothing more should be done in this stand for the next
50 years. Without disturbance, this stand is likely to
approach virgin stand condition within 20 years. Within 50
years many of the large trees may begin slowing down in
growth and probably the beginning of stand deterioration
will be apparent.
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Figure 1. Type map for the 20-acre experimental plot.
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Figure 2. Soils map for the "virgin timber" experimental plot.
Table 1. Compartment harvest record, in board feet, 1948-1973
Timber
Species
White Black Red Type of
Year type Site3 oak oak oak Hickory Total operation
1954 Mixed oak Good
Red oak Good 80 250 3,630 3,960 Oak wilt control
1955 Mixed oak
Mixed oak
Good
Med. 270
600 4,700
620
5,300
890
Oak wilt control
1956 Mixed oak Good 4,830 4,830 Improvement cut
Mixed oak Med. 520 520 for cooperage
1956 Red oak Good 1,920 1,920
Mixed oak Good 1,840 1,840 Oak wilt control
Mixed oak Med. 1,050 1,050
1957 Red oak Good 140 1,430 1,570
Mixed oak Good 40 280 1,210 1,530 Oak wilt control
Mixed oak Med. 270 300 570
1958 Red Oak Good 1,750 1,320 10,020 13,090
Mixed oak Good 8,790 2,140 12,320 150 23,400
Improvement cut
Mixed oak Med. 15,320 7,350 4,950 27,620
White oak Med. 890 300 180 100 1,470
1958 Red oak Good 2.050 2,050 Oak wilt control
1958 Red oak Good 200 200
Mixed oak Good SO >7 450 Salvage (wind damage)
Mixed oak Med. 350 350
1959 Mixed oak Good 160 240 400 Oak wilt control
1959 Mixed oak Med. 230 230 Salvage (wind)
1960 Mixed oak Med. 1,010 1,010 Oak wilt control
1961 Red oak
Mixed oak
Good
Med. 440
580 580
440
Oak wilt control
1961 Mixed oak Med. 300 300 Salvage (storm damage I
1963 Mixed oak
Mixed oak
Good
Med.
610
280
1,320 1,930
280
Cull study
1963 Red oak
Mixed oak
Good
Good
570
360
570
360
Salvage (storm damage)
1964 Red oak Good 240 240 Oak wilt control
1965 Red oak Good 1,730 1,730
Mixed oak Good 1,310 1,310 Oak wilt control
Mixed oak Med. 60 520 580
1965 Red oak
Mixed oak
Good
Med.
150
230
150
230
Salvage (wind damage)
1966 Mixed oak Good 900 900 Oak wilt control
1966 Mixed oak Good 460 460 Salvage (unknown)
aAn area, considered as to its ecological factors with reference to capacity to produce forests or other vegetation; the
combination of biotic, climatic, and soil conditions of an area. Rating applied by the Department of Forestry.
Table 2. Stand condition before cutting
Type No. of
trees Mean
Volume per acre
and Cubic Board Basal
site Species per acre DBHa feet feet area
Red oak 7 19.40 489 2,271 14
Mixed oak, White oak 74 13.27 2,153 8,719 74
Medium Black oak 12 17.40 653 3,221 20
Hickory 1 10.30 14 1
94 14.20 3,309 14,211 109
Red oak 18 20.15 1,497 7,543 41
White oak 49 14.34 1,912 7,268 57
Mixed oak, Black oak 2 17.30 105 499 3
Good Hickory 1 12.10 14 30 . .
Cherry 4 4.40 11 . .
Elm 8 4.10 17 1
119 9.77 3,556 15,340 102
Red oak, Red oak 60 18.98 4,523 22,530 122
Good White oak 6 14.10 230 946 7
66 18.53 4,753 23,476 129
aMean diameter 4.5 feet above ground (diameter breast high).
Table 3. Stand condition after cutting
Leave Cut
Type No. of Cubic Board No. of Cubic Board
and trees Mean feet feet Basal trees Mean feet feet Basal
site Species per acre DBHa per acre per acre area per acre DBH a per acre per acre area
Red oak 6 18.6 377 1,823 11 1 24.4 112 448 3
Mixed oak, White oak 46 14.1 1,535 7,066 51 28 11.9 618 1,653 23
Medium Black oak 8 17.5 445 2,281 14 4 17.2 208 940 6
Hickory
. . . . . 1
34
10.3
12.8
14
952 3,041
1
60 15.0 2,356 11.170 76 33
Red oak 15 20.1 1,255 6,477 34 3 20.4 242 1,066 7
Mixed oak, White oak 28 15.8 1,353 6.167 39 21 12.4 559 1,101 18
Good Black oak
Hickory
1
1
19.1
12.1
80
14
387
30
2 1 15.5 25 112 1
45 17.3 2,702 13,061 75 25 13.4 826 2,279 26
Red oak, Red oak 41 20.5 3,594 18,818 96 19 15.7 929 3,712 26
Good White oak 3 15.7 145 712 4 3 12.5 85 234 3
44 20.2 3,739 19,531 100 22 15.2 1,014 3,945 29
aMean diameter 4.5 feet above ground (diameter breast high)
The Illinois Agricultural Experiment Station provides equal opportunities in programs and employment.
FORESTRY RESEARCH
REPORT
department of forestry
agricultural experiment station
university of illinois at urbana-champaign
No. 76-3 April. 1976
FERTILIZING OF RED AND WHITE PINES GROWING
ON SANDY SOILS
/:./>'. Himclick and H.W. Fox 1
Several silvicultural practices will increase commercial
timber production of established pine plantations. Thin-
ning, pruning, and protection from fire, insects, and dis-
eases are common practices used by managers of timbered
areas. Fertilizing has usually been effective in substantiallv
increasing the growth of young seedlings and trees growing
in nutrient-deficient soils.
To determine the growth response to fertilizer of pines
growing on moderately sandy soils, fertilizer plots were
established at Sinnissippi Forest, southeast of Oregon in
northern Illinois. Twenty-five-year-old plantations of red
pine (Pinus rcsinosa Ait.) and white pine [Pinus strobus I..)
planted at intervals of 6 feet by 6 feet were used. The red
pines were growing on Chelsea loamy sand, and the white
pines were on Sparta loamy sand.
Three 0.1-acre plots of each species were established in
the spring of 1967. Before fertilizing was begun, all study
plots in both the red and white pine stands were selectively
thinned to 90 square feet of basal area. A soil analysis for
the two experimental areas is recorded in Table 1. The
analysis indicated that the available phosphorus was quite
low in the white pine plots.
A commercial fertilizer of 12-12-12 analysis was applied
to one plot of each species, urea was applied to another,
and the third plot served as a control without fertilizer. The
fertilizers were applied on the soil surface during mid- April,
1967, and again in 1968 at the rate of 6 pounds of nitrogen
per 1,000 square feet for both 1 2-12-1 2 and urea. This rate
is equivalent to 0.29 ton per acre (651 kilograms per
hectare) of urea and 1.089 tons per acre (2,441 kilograms
per hectare) of 12-12-12. The fertilizers were distributed
with a broadcast-type hand-operated spreader. For uniform
distribution, half the fertilizer was applied going north and
south and the other half east and west.
Before spring growth began, circumference measure-
ments were taken at 4-1/2 feet above the ground line on all
trees in the plots from 1967 through 1971. Final measure-
Table 1. Analysis of Soil Samples From Test Plots
Test area
Available
Depth P (ppm)
Available Total
K (ppm) N (ppm) pH
White pine 2"
25"
.5
3.5
Red pine 2"
25"
12.5
23.5
63
13
10.5
6.5
853
123
627
160
5.5
4.8
4.4
4.5
ments were taken in June, 1972, at 4-1/2 feet and at 16-1/2
feet to determine volume differences between fertilized and
unfertilized plots. It was thought that volume data might be
a better indicator of growth response than circumference
growth alone.
At the time of final measurements, some trees had died
from natural mortality. Data for any tree that was dead or
missing from any plot on June 21, 1972, were removed
from all previous years.
The growth of red pine, as indicated by average circum-
ference growth, was not increased by the application of
either 12-12-12 or urea (Table 2). White pine did show .i
growth increase after the application of 12-12-12 but not
after urea. Volume differences on the butt 16-foot pole
showed no significant growth difference between trees
fertilized with urea and those in the check plot in either
species. The white pine showed a significant difference
between the 12-12-12 plot and the check plot. The red
pines receiving 12-12-12 grew less than did those in the
check plot, indicating that fertilization was not needed and,
in fact, caused a reduction in growth.
CONCLUSION
Many controlled nutrient studies have been conducted
on seedling trees grown in pots or on small nursery-grown
seedlings. The use of the early growth period of trees to
Table 2. Response to Fertilization of Red and White Pine
Average Aver. vol.
No. trees circumf. (basal
Tree species in plot Treatment growth3 16' pole)
Red pine 41 Urea .236 4.172NS
41 12-12-12 .264 3.969SD
45 Check .358 4.380
White pine 25 Urea .352 6.785NS
25 12-12-12 .427 7.495SD
27 Check .375 6.545
aMean circumference growth per tree in feet, 1967-1971.
Average volume increase in growth in cubic feet,
1967-1971.
NS = Not significantly different from the check plot at the
.01 probability level.
SD = Significantly different from the check plot at the .01
probability level.
Plant Pathologist. Illinois Natural History Survey, and Assistant Projttsffl™of™I'vfeJtfy, University of Illinois at
Urbana-Champaign. \ OCT* 7 1976
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predict needs of trees reaching mature age may lead to
erroneous conclusions for trees growing and competing in a
natural environment.
The authors concluded from the data of these six study
plots that nitrogen applied to 25-year-old plantations of red
and white pine growing on sandy soils in northern Illinois
did not increase growth as indicated by circumference
growth or total trunk volume. The growth of white pine
increased with the addition of a balanced N-P-K fertilizer.
The growth may have been a result of the additional
phosphorus, since the soil analysis indicated that available
phosphorus was low in the white pine plots.
The Illinois Agricultural Experiment Station provides equal opportunities in programs and employment.
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CHANGES IN A REFORESTED SOIL ASSOCIATED WITH TREE SPECIES AND TIME.
I. SOIL ORGANIC CONTENT AND PH IN PINE PLANTATIONS'
A.R. Gilmore and W.R. Boggess 2
Large areas of land in southern Illinois have been retired
from agricultural use or abandoned during the past fifty
years. Although much of this acreage may eventually return
to growing native hardwoods, the physical and chemical
characteristics of many sites are in such poor condition that
the initial chances of hardwood survival are small [5,19] .
Under these conditions it is either necessary to return the
land to a higher productive capacity by expensive cultural
operation or plant species such as shortleaf (Pinus echinata
Mill.) or loblolly pine (P. taeda L.). These species will
improve site quality over a period of time so that the more
demanding hardwoods can be planted or natural hardwood
regeneration can occur [24]
.
The amount of organic matter present in the topsoil of
a reforested soil largely determines the quantity of available
nitrogen for tree growth [6] . According to Wilde [23] , the
organic-matter content of the soil is the best indicator of
the fertility status of a reforested soil. He noted that pines
younger than 10 years deposited minor amounts of dry
matter when planted on sandy soils in Wisconsin. The soils
under these plantations had the same physical and chemical
characteristics when the trees were 20 years old as when the
plantations were established. Age 20 corresponds to the
approximate closing of the pine canopy in Wisconsin, the
time when an appreciable increase in organic-matter con-
tent begins. However, soils in the older stands were notice-
ably ameliorated and the accrual of soil organic matter was
better related to stand heights than to stand age.
Conversely, southern pines produce considerable litter
at young ages and well before the crown closure. For
example, litter under one-year-old stands of shortleaf pine
and loblolly pine in northern Mississippi averaged 1 and
0.72 metric tons per hectare, respectively, increasing to 7.5
and 8.7 tons per hectare at age 16 [10]. The litter
incorporated into the soil during this 16-year period re-
sulted in about the same percentage increase in the organic-
matter content of the soil and in the ability of the
upper-5-centimeter soil layer to transmit water in stands of
both species. In southern Illinois, litter weights averaged 34
and 37 metric tons per hectare, respectively, for 20-year-old
shortleaf and loblolly pine plantations [11] . In these same
plantations, Fisher et al. [7] estimated an annual litter-fall
of 4,500 kilograms per hectare with decomposition of
3,700 kilograms per hectare. A number of other conifers
and hardwood species have proven to be beneficial in
ameliorating soil conditions [3, 13, 14, 20, 21] .
The soil pH indicates to a considerable degree the
availability of most soil nutrients. It can also give a
reasonable indication of the rate of change of soil proper-
ties [17]. For example, Ovington and Madgwich [15]
found that the acidity of leaves and litter differ consider-
ably between tree species and that soil pH is modified
differentially depending on the species growing in the area.
They also reported that greater changes in pH occurred over
a 25-year period in acid soils compared to more basic types
of soils [15] .
Most investigations of soil changes during succession
have been based on measurements of soil characteristics
over a series of plots selected to represent as many stages of
cover-type development as possible. The plot data are then
combined to give the pattern of change over time. A better
method would be to follow soil changes over a long period
on selected plots within the same stand. This approach was
used to investigate changes in soil organic matter and pH
associated with four pine species planted on the Elizabeth-
town Experiment Field located in southern Illinois. The
results of the first 19 growing seasons following plantation
establishment are presented here.
DESCRIPTION OF THE AREA
The Elizabethtown Soil Experiment Field was estab-
lished in 1915 by the Illinois Agricultural Experiment
Station as part of a statewide research program in crops and
soils. The area was divided into four blocks, each with ten
plots of 0.08 hectare. Two of these blocks were used in the
present study. Each block received the following basic
treatments applied singly and in combination to a rotation
of corn, winter oats, clover-alfalfa hay, and wheat:
O = no treatment (control).
M = manure-1 ton of manure applied, preceding the corn
crop, for each ton of crops grown during the rotation.
R = crop residues-stalks, chaff, and straw produced in
rotation.
L = limestone-8.8 tons per hectare applied in the begin-
ning and four additional applications of 5.6 tons each,
applied as required from 1917 to 1953.
A portion of this research was supported by funds from the Illinois Agricultural Experiment Station, Mclntire-Stennis
Project 55-324.
^Professor and Professor Emeritus, respectively, Department of Forestry.
P = rock phosphate-four applications of 2.2 tons per
hectare from 1917 to 1953.
K = muriate of potash-2.2 tons per hectare during the
rotation: 1.1 tons on wheat; 0.55 ton on hay; and
0.55 ton on corn.
These basic treatments were systematically assigned in the
following combinations to the ten plots in each block: O,
M, ML, MLP, O, R, RL, RLP, RLPK, and O. Treatments
were continued through the 1952 growing season, when
agronomic research was discontinued.
The soil on the area is a Wartrace silt loam (Typic
Hapludalf). This is a well-drained soil that developed in
loess deposited over limestone bed rock, occurring on
slopes from 2 to 8 percent in the area. Wartrace silt loam is
normally medium to high in potassium, low in phosphorus,
nitrogen, and organic matter, and moderately to strongly
acid. The topsoil depth in the area varies from a minimum
of 3 centimeters on severely eroded plots to a maximum of
36 centimeters where soil has been deposited. The base-
exchange capacity averaged 13.5 milliequivalents per 100
grams for the layer from to 15 centimeters.
Annual rainfall averages 117 centimeters, with a third
of that occurring during the warmer months of June, July,
August, and September [16]. Temperatures during July
range from 25 to 35 C. The climate is perhaps influenced
by the Ohio River, which is located about 3 kilometers
from the plantations.
METHODS
Pine seedlings were planted by machine in the spring of
1955. The shortleaf and loblolly were 1-0 seedlings; the
white (P. strobus L. ami /'. resinosa Ait.) were 2-0 seedlings.
Two, 6-row strips of each species were randomly assigned
and planted across the various treatments of the two
blocks. This resulted in four replications per species on each
of the old fertility treatments, except for the control which
had twelve replications. Each replication consisted of ap-
proximately 30 trees. Since both blocks had been in corn in
1954, the ground was essentially bare when the trees were
planted in 1955.
A composite soil sample consisting of fourteen sub-
samples was taken in the spring of 1955 before the
seedlings were planted from the to 15 and 15 to 30
centimeter layers of each original fertility plot. In 1960
these plots were subdivided according to the tree species
planted, and a composite soil sample consisting of eight
subsamples was taken from the to 15 and 15 to 30
centimeter layers of each subplot. Soil samples were taken
in 1967 and 1973, following the 1960 sampling procedure
except that samples were taken from the to 7.5, 7.5 to
15, and 15 to 30 centimeter layers. The organic-matter
content was determined for each soil sample by the wet
oxidation method [22] , using ortho-phenanthroline ferrous
sulfate as the indicator. Soil pH was determined with a glass
electrode in a 2:1 mixture of distilled water and soil.
Tree survival was determined in the fall of 1961 and
1973. Tree height was measured only in 1961.
RESULTS AND DISCUSSION
The results at the end of the first seven growing seasons
have been published [8] . Briefly, pine survival and growth
were the poorest on the plots that had received lime. This
was partly attributed to heavy weed competition. Survival
averaged 13 percent on limed plots and 84 percent on the
unlimed ones. The trees were taller on the unlimed than on
limed plots. There was no increase in tree mortality from
1961 to 1973.
Soil Organic Matter
Because of the very poor survival of pine trees on the
limed plots, these have been separated from the unlimed
treatments (0, M, and R) and considered, for comparative
purposes, as a natural successional series. Only organic-
matter changes in the to 7.5 and to 15 centimeter layers
are reported here, since changes in the 15 to 30 centimeter
layer were minor and apparently are unrelated to past soil
treatments.
Since there were no significant differences in the soil
organic matter between treatments at the beginning, during,
or end of the current study, the unlimed plots have all been
combined. The results are shown separately in Table 1 for
the unlimed plots in the two fertility treatment blocks.
Differences between blocks or species were not significant.
Table 1. Nonlimed Plots: Average Soil Organic Matter in
Two Layers, to 7.5 and to 15 Centimeters, by
Year and Species
Year
1955 1960 1967 1973
percent
to 7.5 centimeters3
White 0.85 1.31 2.05
Red 0.85 1.35 1.94
Loblolly 0.85 1.32 1.96
Shortleaf 0.85 1.43 2.01
Average" 0.85 1.35 1.99
to 15 centimeters3
White 0.85 1.12 1.07 1.52
Red 0.85 1.12 1.05 1.43
Loblolly 0.85 0.96 1.06 1.49
Shortleaf 0.85 0.97 1.13 1.51
Averagec 0.85(a) 1.04(b) 1.08(b) 1.49(c)
aNo differences between species.
"Each year is different from the other years at the 99%
confidence level.
cAny two averages not followed by same letter in parenthe-
ses are significantly different: if followed by (b), different
at 95% confidence level; by (c), 99% confidence level.
-3-
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Figure 1. Average soil organic-matter content, according to
blocks and years sampled.
The data for blocks and species were combined, and the
general trends of organic-matter increase are shown in
Figure 1.
The organic-matter content of the soil in the to 15
centimeter layer of the unlimed plots increased significantly
during the 1955-1973 period. The changes were significant
during the first period (1955 to 1960) and the last one
(1967 to 1973). For reasons unknown, the organic-matter
content remained essentially stable from 1960 to 1967.
Although soil organic-matter differences between spe-
cies are not significant, it is interesting to note that more
organic matter had accumulated under the shortleaf and
white pines than under either the loblolly or red pines. One
could speculate that the shorter needle lengths of shortleaf
and white pines could influence the character of the forest
floor and might be more conducive to decomposition,
compared to the longer-needled species. Short needles tend
to pack more closely than longer ones, thus forming rather
compact Ao and Aoo horizons. These assumptions are
substantiated by Kowal [9] , who showed the decompo-
sition half-time of shortleaf needles in a laboratory experi-
ment was about 252 days while that for loblolly needles
under natural conditions was 418 days.
Samples taken in 1967 and 1973 showed considerably
more incorporation of organic matter in the to 7.5
centimeter layer than in the 7.5 to 15 centimeter layer. For
those layers, the organic-matter content was 1.35 and 1.08
percent, respectively, in 1967. Comparable data in 1973
showed 1.99 and 1.49 percent, respectively. Thus, the old
plow layer (0 to 15 centimeters) is gradually disappearing,
and the soil-profile differentiation more nearly resembles a
forest than a cultivated soil.
A logical question would be whether the soil organic
matter has reached an equilbrium consistent with the
climate and the annual additions of raw litter in southern
Illinois. In a 35-year-old plantation of shortleaf pine grow-
ing on a similar soil, Rolfe and Boggess [18] reported an
organic content of 2.1 percent in the to 8 centimeter
layer. However, a relatively mature hardwood stand in the
same area had accumulated 4.5 percent in the same layer.
From this, it appears that the soil organic-matter accumu-
lation under pine has begun to stablilize. By contrast,
Auten [2] reported that a 65-year-old shortleaf pine stand
growing on abandoned agricultural land in southern Ohio
has accumulated as much organic matter as a nearby
second-growth stand of white oak. Working in the North
Carolina Piedmont Region, Coile [6] found that organic
matter increased throughout natural succession from aban-
doned fields through pine, pine-hardwood, and oak-hickory
forest stages. Accumulations during the pine stage might
well have been influenced by the increasing amounts of
hardwood litter as deciduous species become more impor-
tant in stand composition. The apparent organic-matter
plateau in the southern Illinois plantations could be a
characteristic of the pure pine stage, and accumulations
might increase as the hardwood understory develops toward
a mixture of pine and hardwood. Regardless of additional
organic-matter trends, research has shown that site condi-
tions on abandoned agricultural land in southern Illinois
have been improved by planting pine to the point where
hardwood establishment and growth is considerably en-
hanced fl. 24].
Soil organic matter in the to 7.5 centimeter layer of
the limed plots was about twice that of the unlimed plots in
1955 (Table 2). The organic-matter content remained high
in the soil of the limed plots; but at the end of the
nineteenth year, the difference in organic matter between
the limed and unlimed series was not as great as it was in
Table 2. Limed Plots: Average Soil Organic Matter in lw«>
Layers, to 7.5 and to 15 Centimeters, by Year
and Species
Plot
treatment
Year
1955 1960 1967 1973
percent"
to 7.5 centimeters
ML 1.66 1.87 2.18
MLP 1.77 1.90 2.26
RL 1.51 1.60 2.32
RLP 1.61 1.69 2.17
RLPKb 1.62 1.73 2.11
Average" 1.63(a) 1.76(a) 2.21(b)
to 15 centimeters
ML 1.66 1.60 1.60 1.78
MLP 1.77 1.69 1.61 1.73
RL 1.51 1.29 1.35 1.78
RLP 1.61 1.50 1.47 1.71
RLPK 1.62 1.48 1.45 1.69
Average" 1.63(a) 1.51(b) 1.50(b) 1.74(a)
aDifferences between blocks in the to 7.5 and to 15 cm.
depths for 1955 data, and in the to 7.5 cm. depth for
1967 data at the 95% confidence level.
"Any two averages not followed by same letter in parenthe-
ses are significantly different at the 99% confidence level.
1955. This fact demonstrates the magnitude to which pines
will increase the organic-matter content in depleted soils.
More than likely, if the limed plots had a heavy sod instead
of the native weed and grass cover, the soil organic matter
would have been higher than the present 2.21 percent.
Organic matter in the to 15 centimeter layer of the
unlimed plots increased significantly with time (Table 1);
whereas that in the limed plots decreased between 1955
and 1960-1967, and then increased to the 1955 level by
1973 (Table 2). The large increase in organic matter in the
unlimed plots might be attributed to the penetration and
death of pine roots in the deeper layer of soil (7.5 to 15
centimeters). This would not be true for the limed plots,
which were occupied by a sparse cover of herbaceous
plants.
Changes in soil organic matter in selected limed and
unlimed plots between 1936 and 1973 are given in Table 3.
It is interesting to note that the organic matter in the limed
soil changed during this period, but by the end of the
period, there was little net change in the organic-matter
content of the soil. However, the buildup of organic matter
in the unlimed plot was almost three fold during this
period. The apparent decrease in soil organic matter be-
tween 1955 and 1973 in ihe limed plot might be parth
attributed to lower primary plant production, because the
limed plots were only partly occupied by plants during this
period (as previously noted). Also, the absence of a solid
plant canopy more than likely resulted in higher soil
temperatures, followed by a more rapid breakdown of soil
organic matter. These two factors combined with lower
plant production could account for the measured decrease
in soil organic matter.
Soil pH
The pH of the unlimed plots for the 15 to 30 centi-
meter layer averaged 4.52, and no significant changes were
observed during the nineteen years. These results agree with
those of other workers for acid forest soils [12] . Because of
the slight changes in pH of the lower layer, only informa-
tion about the to 7.5 and to 15 centimeter layers is
reported here.
There were no significant differences in pH between
species for any depth (Table 4). These results do not
conform with other reports [15] . Apparently the four pine
species used in the study produced litter sufficiently similar
in chemical composition so that the soil pH was not
differentially altered.
The soil pH of both layers increased during the first few
years after the pines were planted; but after nineteen years,
the pH had reached the original 1955 level (Table 4 and
Figure 2). These results agree with those given by Boggess
[4] , who found that soil profiles under pine plantations 15
to 20 years of age in the same general area had about the
same reaction as fields abandoned from cultivation for the
same length of time.
The change in pH from 1955 to 1960 could have been
caused by bases leaching out of the needles and returning to
the soil, which would increase the pH. After 1960, more
5.4
5.3
5.2
5.1
5.0
4.9
4.8
47
1955 I960 1967 1973
Figure 2. Average soil pH, according to blocks and years
sampled.
Table 3. Average Soil Organic Matter, Selected Years and
Plots, to 15 centimeter Soil Layer
Plot Year
treatment 1936 1955 1960 1967 1973
MLP 1.55
0.56
1.87
0.62
percent
1.97
1.18
1.64
1.13
1.76
1.52
aPines planted this year.
Table 4. Average Soil pH in Two Layers, to 7.5 and to
15 Centimeters, by Year and Species in Nonlimed
Plots
Year
Species3 1955 1960 1967 1973
pHh
to 7.5 centimeters
White 4.81 5.02 4.84
Red 4.81 4.98 4.77
Loblolly 4.81 4.99 4.81
Shortleaf 4.81 5.01 4.78
Average 4.81 5.00 4.80
to 15 centimeters
White 4.81 5.13 4.99 4.76
Red 4.81 5.02 4.94 4.70
Loblolly 4.81 5.05 4.98 4.74
Shortleaf 4.81 5.05 4.98 4.73
Average c 4.81 5.06 4.97 4.73
aNo difference between species. "Average for 1967 is
significantly different from the average for 1955 and l ( l7.i
at the 95% confidence level. c Average for 1955 is signifi-
cantly different from the 1960 average at the 95% confi-
dence level; average for 1973 is significantly different from
the averages for 1960 and 1967 at the 99% confidence level.
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than likely the acid needles were being decomposed and the
organic acids leached some of the bases from the soil. There
is also the possibility that soil organic matter reached a level
after 1960 that appreciably increased the soil exchange
capacity. This condition should mean more bases being held
on the exchange sites, resulting in a lower pH of the soil
solution.
The pH of the limed plots averaged 6.08 in 1955, and
did not change significantly between then and 1973. These
results would be expected, since the native weeds and
grasses were cycling the bases so that an equilibrium in soil
pH should have been established.
CONCLUSIONS
An immediate increase was noted in organic matter of
the upper 15 centimeters of soil during the first five years
after pines were planted on sites degraded by past agrono-
mic practices. There was no significant increase in organic
matter in these areas during the next seven years; but the
organic matter in these soils increased 48 percent during the
last six years. The organic matter had not reached an
equilibrium at the end of nineteen years. It is difficult to
predict when this stage might be reached, but information
in the literature indicates that this condition should be
reached by 1983.
After the initial increase, the soil pH has been de-
creasing during the past thirteen years. Using studies in the
literature as a guide, it seems likely that a further decrease
will take place during the next ten years, at which time an
equilibrium should be reached.
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EFFECTS OF SOIL AND PAST AGRICULTURAL PRACTICES ON
THE GROWTH OF PLANTED SWEETGUM IN SOUTHERN ILLINOIS 1
D.T. Walters and A.R. Gilmore^
Recent studies of old field hardwood and pine planta-
tions in southern Illinois have indicated that residual ferti-
lizer and past cropping practices are important in their
effect on the growth and survival of planted trees [6, 9,
13] ; also, in a forest plantation on the Enfield Experi-
mental Field in White County, Illinois. When the heights of
trees in an existing ten-year-old sweetgum (Liquidambar
stylachifua L.) stand were measured in the Enfield Experi-
mental Field, the average growth in height by the trees on
the east side of each plot was significantly less than that for
the trees growing on the west side.
This report covers the results of a study on the effect of
natural soil conditions, residual soil fertility, and other past
agricultural practices on the growth in height of sweetgum
in the two areas in the experimental field.
SOIL DESCRIPTION
The major soil types on the area are Bluford silt loam
(Albaquic Fragiudalf) and Wynoose silt loam (Typic
Albaqualf). Both soils are strongly acid and low in available
phosphorus and potassium. The texture varies from silt
loam in the surface soil to a silty clay loam or silty clay in
the subsoil for both types. A well-developed claypan occurs
below 60 centimeters in the Wynoose, but is either absent
or only weakly developed in the Bluford. Both soils are
characterized by a seasonally high water table. Surface
drainage is a problem for the Wynoose; and internal
drainage, for both types.
ROTATION AND SOIL TREATMENTS
The field arrangement when agronomic experi-
mentation began in 1912 consisted of six plots of 0.2
hectare each. The following treatments were applied singly
and in combination to a rotation of corn, wheat, and mixed
hay:
R = crop residues—stalks, chaff, and straw produced in
rotation.
L = limestone -a total of 1 1 metric tons per hectare,
applied in five applications from 1912 to 1955.
K = muriate of potash (0-0-60)-2 metric tons per
hectare, applied between 1932 and 1950.
rP* = rock phosphate—a total of 2.2 metric tons per
hectare, applied between 1932 and 1960.
rP** = rock phosphate—a total of 6 metric tons per
hectare, applied between 1932 and 1960.
sP = super phosphate (0-20-0)—a total of 2.2 metric
tons per hectare, applied between 1932 and 1960.
These basic treatments were systematically assigned in
the following combinations to the six plots: KLK,
RLKrP*sP, RLKrP*, RLKrP**sP, RLKrP**, and RLK.
Treatments were applied through the 1962 growing season,
when agronomic research was discontinued. At that time,
the east half of each plot, which is mostly Wynoose soil,
was planted in fescue (Festuca arundinacea Schreb. var. Ky.
31). The west half of each plot, mostly Bluford soil, was
left to volunteer weed species, mainly goldenrod (Solidago
sp. L.) by 1974.
METHODS
One-year-old sweetgum seedlings from a local seed
source were dibble planted at a spacing of 2 meters square
in the spring of 1964. Tree heights were measured at the
end of the 1973 growing season.
The percentage of moisture in the 0- to 15-centimeter
soil layer was determined weekly at five locations on both
halves of each plot during the 1974 growing season. In
1975, composite soil samples were taken by using a hydrau-
lic soil-coring machine from each 15-centimeter soil layer to
a depth of 60 centimeters. There were three randomly
selected sampling points on each half of each plot. Soil
analyses on these samples included bulk densities from core
volumes and oven dry weights [8] ; field capacity (1/3 bar)
and wilting point (15 bars), using a ceramic pressure plate
extractor [ 1 2| ; pH, with a glass electrode; cation exchange
capacity, as described by Chapman [5]; exchangeable K,
Ca, and Mg by atomic absorption, after leaching with
neutral normal ammonium acetate; P, sequentially fraction-
ated [4| and determined by using ascorbic acid [11}; and
N, by the macro Kjeldahl method [2] .
A portion of this research was supported by funds the Illinois Agricultural Experiment Station, Hatch Project 55-383.
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Table I. Average Height of Sweetgum, by Soil Type and Treatment, 1974
Soil type' RLK RLKrP* RLKrP*sP RLKrP**
meters
2.40 1.98
3.29 2.83
2.85 2.41
RLKrP* *sP
Wynoose
Bluford
Average"
1.89
2.62
2.26
2.29
2.78
2.54
1.99
3.44
2.67
Significant differences between type at the 99% confidence level.
bRLK and are significantly different from the other treatments at the 99% confidence
level.
Two fully expanded leaves from each tree were
collected in 1975 from the Southern part of the exposed
upper crown of each tree and composited by half plots. The
samples were dried at 65 C. and then ground. Nitrogen was
determined by the semimicro KjeWahl method [2] on the
sample of ground leaves. Separage samples of leaves were
ashed at 500 C, and the ash was dissolved in hydrochloric
acid; the potassium, and magnesium in the ash solution
were determined by atomic absorption; and phosphorus, by
the molydate method using ascorbic acid [11] .
RESULTS
Tree Development
The heights of trees on the west half of the area
(hereafter referred to as the Bluford soil type) were signifi-
cantly greater than on the east half (hereafter referred to as
the Wynoose soil type). The density of the trees had no
apparent affect on tree growth. The canopies of individual
trees on the Wynoose soil were not touching. The canopies
of those on the Bluford soil were barely touching. Growth
was better on plots receiving the low rate of rock phosphate
than on those receiving the higher rate. In addition, tree
height was greatest in those plots receiving additional
phosphorus in the form of superphosphate (Table 1).
The foliar phosphorus averaged 0.155 percent in those
plots that had received phosphorus, and was significantly
greater than foliar phosphorus in the trees growing on plots
that had not been fertilized with phosphorus, which aver-
aged 0.133 percent (Table 2). The foliar calcium of trees
growing on the Bluford soil averaged 0.588 percent, and
was greater than that in trees growing on the Wynoose soil
(0.47 7 percent). Similar results were found for foliar
magnesium (0.301 versus 0.254 percent). The nitrogen
averaged 0.999 percent; and potassium averaged 0.971
percent in the sweetgum foliage. No differences were found
in these two nutrients that could be attributed to soil
treatment or type.
Physical Characteristics of the Soil
The bulk density of the soil in the 0- to 15-centimeter
layer of the Wynoose soil averaged 1.34 and was signifi-
cantly greater at the 1-percent level than the Bluford soil,
which averaged 1.25. Bulk density increased in the laver
between 15 and 60 centimeters deep in both soil types,
averaging 1.56. There was no significant difference between
the soil types.
Weekly moisture levels were greater (significant at the
1-percent level) in the 0- to 15-centimeter layer of the
Wynoose soil than in the Bluford soil throughout most of
the 1974 growing season (Figure 1). When the percentage of
moisture from the field sample was compared to the
laboratory-determined field capacity levels, the wynoose
soil approached or surpassed the field capacity whenever
precipitation occurred throughout the growing season. For
example, when the area was sampled On August 3 following
33 milimeters of precipitation, the Wynoose soil contained
99 percent of field capacity. The Bluford soil, by contrast,
contained only 81 percent of field capacity; and this soil
never reached field capacity after the spring detention
water had drained away. Furthermore, the moisture
Table 2. Average Foliar Nutrient Levels of Sweetgum, by
Soil Treatment and Type
Soil Nutrient
Treatment Type pa Cab Mgb
percent
RLK Wynoose 0.128 0.455 0.246
Bluford 0.139 0.523 0.293
RLKrP* Wvnoose 0.152 0.505 0.265
Bluford 0.156 0.589 0.296
RLKrP*sP Wynoose 0.157 0.487 0.259
Bluford 0.159 0.665 0.333
RLKrP** Wvnoose 0.153 0.458 0.240
Bluford 0.151 0.565 0.283
RLKrP**sP Wvnoose 0.150 0.479 0.258
Bluford 0.160 0.599 0.301
aRLK treatment is significantly different from the other
treatments at the 95% confidence level.
Significant differences between soil types at the 95%
confidence level.
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Figure 1. Percent moisture by volume (0 to 15 centimeter
layer) and precipitation for the 1974 growing season at the
Enfield Experimental Field. Moisture content at field capa-
city (upper values a and b) and wilting point (lower values
a' and b') for Wynoose silt loam (a &: a') and Bluford silt
loam (b & b').
content of both soils never reached the wilting point (15
bars) during the year.
Chemical Characteristics of the Soil
Previous fertilizer treatments had a significant effect on
the soil chemical characteristics (Table 3). The plots that
received rock phosphate were three to five times higher in
calcium phosphate in the top 30 centimeters of soil than
those which had received no phosphate fertilizer. The
addition of superphosphate accounted for a slight but
insignificant increase in the calcium phosphate fraction.
Soluble phosphorus differed between treatments at the
depths of to 15 and 45 to 60 centimeters, but the onlv
differences in soil types was in the 15- to 45-centimeter
depth. The soluble phosphorus fraction was generally less in
the better-drained Bluford soil than in the Wynoose soil.
Aluminum phosphate averaged 9.4 parts per million for all
areas. The only significant difference for this fraction was
between soil types in the 30 to 45 centimeter depth. There
was no significant difference in either soil treatments or
types in iron phosphate, which averaged 67 parts per
million.
Exchangeable calcium, magnesium, and potassium con-
centrations were consistently greater in the 30- to
60-centimeter depth in the Bluford soil than in the
Wynoose soil (Table 3). Exchangeable Ca differed between
fertilizer treatments in the 15- to 30-centimeter depth.
There was no difference in N between soil treatments or
types. The cation exchange capacity averaged 8.81 for both
soils in the top 30 centimeters, but was higher (significant
at the 1-percent level) in the Bluford soil at the 30- to
60-centimeter depth (9.71 versus 17.78).
The pH of the top 30 centimeters of soil was uniform
throughout the area, averaging 5.2. The lower depths were
more acid in the Bluford (a pH of 3.8) than in the
Wynoose, but the magnitude was only on the order of 0.3.
Regression Correlations
The soil parameters and the matching R^'s shown
below for each depth are the ones that correlated best with
sweetgum height in a multiple regression.
to 15 centimeters, available moisture, R 2 equals 0.511.
15 to 30 centimeters, no significant soil parameter
30 to 45 centimeters, exchangeable Ca and soluble phos-
phate, R 2 equals 0.734.
45 to 60 centimeters, cation exchange capacity, R2 equals
0.784.
The total soil nutrients in the top 60 centimeters of soil
that correlated best with sweetgum height were calcium
phosphate and magnesium. The combination of these two
nutrients accounted for 71 percent of the variation in tree
height.
The foliar nutrients magnesium, potassium, and phos-
phorus correlated best with sweetgum height. This com-
bination of nutrients accounted for 76 percent of the
variation in tree height.
DISCUSSION
Part of the reduced growth of sweetgum on the
Wynoose soil can be attributed to the presence of a
well-developed claypan in the soil below 60 centimeters.
This pan impeded internal drainage which, in turn, must
have resulted in soil aeration problems and a reduced
availability of some plant nutrients. Also, the leaching of
clay from the upper horizons drastically reduced the cation
exchange capacity of the Wynoose soil at the depth where
root growth is most prolific. For example, base saturation
was higher in the 0- to 30-centimeter depth than in the 30-
to 60- centimeter depth of the Wynoose soil. On the other
hand, the lower layer of the Bluford soil had a higher base
saturation than the Wynoose, probably because of the
higher cation exchange at the 30- to 60-centimeter depth in
the Bluford soil. These results confirm Broadfoot's [3]
conclusions that the best sites for sweetgum trees have soils
free of a restrictive pan in the top 60 centimeters and also
have moderate to good internal drainage.
The heavier applications of rock phosphate suppressed
tree height. The increased growth on the plots receiving
superphosphate probably resulted from the greater availa-
bility of phosphorus applied in this form, especially during
the early years of tree growth. These results agree with
those of Akhromeiko [1], who reported that hardwoods
are able to utilize phosphorus better from superphosphate
than from other forms.
Although phosphorus was equally available to trees on
both soil types, it is more than likely that the additional
growth would have been obtained if higher rates of super-
phosphate had been applied. This is indicated by the
multiple regression analysis, which showed soil phosphorus
and foliar P to be highly correlated with tree height. Also,
Hosner and Leaf [9| found a higher level of foliar phos-
phorus in sweetgum growing in a nonsaturated soil than was
found in this study (0.173 percent versus 0.155 percent).
The results obtained by Hosner and Leaf indicate that the
foliar phosphorus levels observed in the present study are
4-
below the optimum ones for maximum sweetgum growth.
The fact that foliar calcium and magnesium were higher in
trees growing on the Bluford soil than in those on the
Wynoose soil reflects the increased availability of exchange-
able cations in the better-drained soil.
The greater percentage of moisture found in the
Wynoose topsoil during the growing season compared to
the Bluford soil is attributed to the poorer surface drainage
and slower permeability rate of the Bluford soil. This
slower rate could be caused by a small number of large
pores—as reflected by the high, bulk density of the topsoil
and a tight subsoil, by a claypan, or by both conditions.
Whatever the cause, these conditions resulted in a saturated
soil with poor aeration at the lower soil depths. Sweetgum
will not tolerate saturated soil conditions [9] . When seed-
lings of this species are inundated, root growth, ash con-
tent, and nutrient absorption all decrease.
It was not surprising that no significant differences in
soluble or calcium phosphates were found between soil
types, since lime and phosphates added as fertilizers should
tend to conceal or confound any effect that might occur as
a result of differences in similar soil types. Furthermore,
the top 30-centimeter level in both soils was not extremely
acid, and the lime and various rates of phosphorus that had
been added to all plots accounted for any differences in
calcium phosphate between plots.
Table 3. Average Soil Nutrients, by Soil Depth, Treatment, and Type
RLK RLKrP* RLKrP*sP RLKrF>** RLKrP **sP
Depth
(cm) Wynoose Bluford Wy:noose Bluford Wynoose Bluford Wynoose Bluiford Wynoose Bluford
Treatment and type, kilograms per hectare
Soluble phosphorus
0tol5 39 38 35 33 38 29 41 42 41 44
15 to 30 37 25 31 24 25 20 26 35 26 32
30 to 45 25 19 27 12 25 11 49 17 22 11
45 to 60 20 13 13 6 18 8 19 9 15 9
Calcium phosphorus
to 15 45 45 127 127 142 140 201 228 216 237
15 to 30 40 51 69 64 85 78 145 149 140 157
30 to 45 40 43 40 27 36 27 38 33 41 21
45 to 60 22 34 25 38 25 37 45 29 23 30
Calcium
to 15 1830 1686 1671 1320 1924 1721 1449 1602 1927 1630
15 to 30 1902 1727 1787 1652 1913 1806 1719 1403 1985 1693
30 to 45 964 1446 984 1617 1163 1387 779 838 1070 1276
45 to 60 820 1425 1077 1381 1070 1263 792 1427 1054 1465
Magnesium
Oto 15 385 323 317 305 360 324 339 340 329 325
15 to 30 410 460 364 417 358 413 357 378 349 362
30 to 45 229 497 222 704 253 497 269 558 213 349
45 to 60 276 743 367 1171 347 1105 445 1015 292 876
Potassium
to 15 173 187 148 158 168 172 150 127 164 151,
15 to 30 130 157 127 158 118 151 121 121 136 124
30 to 45 117 242 110 300 136 231 117 175 146 243
45 to 60 168 340 200 412 190 402 174 362 237 366
pH
to 15 5.5 5.6 5.4 5.3 5.5 5.2 5.5 5.5 5.4 5.4
15 to 30 5.1 5.1 5.0 4.9 5.2 4.6 4.8 5.4 5.1 4.9
30 to 45 4.2 3.9 4.3 3.6 4.2 4.0 4.2 3.7 4.2 4.0
45 to 60 4.0 3.7 4.0 3.8 4.1 3.4 4.1 3.9 3.8 3.9
The greater cation- exchange capacity at the lower
depths in the Bluford soil reflects the better drainage
existing in this soil, compared to the Wynoose soil. These
conditions also resulted in higher changeable amounts of K,
Ca, and Mg in the Bluford soil.
Allelopathic interference by fescue may also have been
a factor in the reduction of sweetgum growth. Fescue was
growing mainly on the Wynoose; and as shown in a
companion study, fescue leachates reduce the dry weight
production of sweetgum seedlings [4] .
The results of the present study emphasize the impor-
tance of having an adequate, effective soil depth when
reforesting old field sites with sweetgum. Also, changes in
soils induced by cropping and fertilization can result in a
highly differential response in tree growth. When the effects
of past agricultural practices on tree growth are evaluated, a
better economic determination can be made of utilizing
abandoned agronomic lands for forestry purposes.
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LITTER DECOMPOSITION IN OAK-HICKORY FORESTS
IN SOUTHERN ILLINOIS 1
M.A. Akhtar, G.L. Rolfe, and L.E. Arnold2
The processes of decomposition including humification
and mineralization are very important for the completion
of the biological cycling of nutrients. These processes deter-
mine the release of nutrients from the litterfall, the most
significant mode of nutrient input to the forest soil, 57
percent of the total annual uptake in this study. Many stud-
ies of these processes have been completed in European
deciduous forests, principally on the types and rates of min-
eralization. Duvingneaud et al. (1970) reported some of
these references such as Lemee et al. (1958), Zottl (1960a,
1960b, 1960c), Ellenbert (1964), Runge (1965), Van Praag
et al. (1965), and Lemee (1967). More recently, Dickinson
and Pugh (1974) edited a comprehensive collection of rele-
vant literature on litter decomposition. Jensen (1974) gives
a very good account of the decomposition of angiosperm
tree-leaf litter.
The present study was initiated in the fall of 1973 in
order to develop an understanding of litter decomposition
and associated nutrient changes.
DESCRIPTION OF THE AREA AND METHOD
The research plots were located in the vicinity of the
Dixon Springs Agricultural Center in Pope County, Illinois.
This area has a continental climate with cold winters and
hot summers; it receives the highest amount of precipita-
tion within the state, averaging 102 to 117 centimeters an-
nually (Page, 1949).
The Shawnee Hills are a part of the Ozark uplift and
their northern border marks the deepest penetration of gla-
cial ice into Illinois (Leighton et al., 1948). Soils have devel-
oped under forest vegetation in varying depths of loess over
residual sandstone with smaller amounts of limestone.
Three types were included in the study:
i. Typic Fragiudalf, Fine-silty, mixed, mesic (Grants-
burg silt loam),
ii. Aquic Fragiudalf, Fine-silty, mixed, mesic (Robbs
silt loam),
iii. LTtic Hapludalf, Fine-silty, mixed, mesic-Typic
Dystrochrept, Fine-loamy, mixed, mesic complex
(Wellston- Muskingam complex).
General layout. Three representative plots (0.04 hec-
tare) were established in each of the two community types
(xeric and mesic) of oak-hickory forest. The plots were
selected subjectively after reviewing aerial photographs. The
basis for selection included the stand density, accessibility,
slope, aspect, and the characteristics and depth of soil.
Litter decomposition. Nine baskets (1,650 square centi-
meters each) of galvanized hardware cloth (mesh size 7 mil-
imeters) were established systematically per plot. The bas-
kets were placed on freshly exposed, mineral soil. Freshly
fallen leaves (275 grams, oven-dry weight) equivalent to the
average litter weight covering 1,650 square centimeters
were added to each basket. The baskets were then covered
with hardware cloth to prevent further litter additions. One
basket from each plot was removed at two-month intervals.
The remaining undecomposed material was sieved through a
3-milimeter mesh screen to eliminate soil and highly decom-
posed litter. The material was then oven-dried and weighed.
RESULTS AND DISCUSSION
Litter is subject to a variety of processes on the forest
floor, resulting in its decomposition and ultimate min-
eralization. The initial decomposition of leaf litter is usually
rapid, but tends to stabilize later at a relatively slow rate
(Heath et al. 1966; Xykvist, 1962). The initial process in
the decay of litter is accelerated leaching. This is followed
by blooms of microorganisms on litter surfaces which occur
in reponse to the released nutrients. Microarthropods and
larger invertebrates mechanically hasten decomposition.
Anatomical studies have shown that leaf parts are decom-
posed in this sequence: mesophyll-epidermis-veins (Remez-
ov, 1961).
Climatic and soil factors also indirectly influence the
rate of decomposition by affecting the efficiency of the
decomposition processes (Curlin, 1971). The processes of
decomposition differ greatly because the same litter-decom-
posing organisms are not present in different litter types
(Handley, 1954). Bonnevie-Svendsen and Gjems (1957)
have shown that differences in the litter layers are associat-
ed with differences in their nutrient content. The litter
7 7Supported in part by Mclntire-Stennis Project 55-308, Illinois Agricultural Experiment Station.- Research Assistant, Associate
Professor, and Forester, respectively, Department of Forestry.
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tends to be incorporated more readily into the upper soil in
hardwood stands than under conifers.
The 18 months of litter decomposition data were uti-
lized to generate the following exponential equation (Fig-
ure 1): ,
y = 281.36e-°- 167Vt
where y = oven-dry weight of undercomposed litter
and t = time in months.
According to the above equation, the half-life of de-
composing litter was 17 months.
A second approach for estimating the half-life for litter
decomposition was also used. Since the oak-hickory forest
under study is a stable and mature forest, it can be safely
assumed that the litter on the forest floor remains relatively
constant over time, with decomposition balancing annual
litterfall. The average amount of litter soon after litterfall
was 12.97 metric tons per hectare, which was reduced to
5.86 metric tons per hectare by decomposing organisms at
the end of each year. These data were also used to estimate
the half-life of decomposing litter, resulting in an estimate
of 10.5 months (Jenny et al., 1949). The true half-life is
variable. It probably lies between these two estimates, with
a tendency to be closer to the latter. The former estimate
of 17 months might be somewhat exaggerated for the fol-
lowing reasons.
1. The experimental litter was not exposed to trampling
and to the action of fauna larger than 7 milimeters.
2. The contact between mineral soil and experimental litter
was not as good as under natural conditions because of
the presence of the hardware cloth.
3. The experimental litter was drier than natural litter be-
cause of the absence of continuous litterfall, which pre-
vents the loss of moisture from old litter.
Nutrients and litter decomposition. During decomposi-
tion, carbon is used as an energy source by decomposers
while nitrogen is assimilated into cell proteins and other
compounds. Thus, a high N content in the original material
promotes decomposition, at least in the early stages. During
the same time, residues with low N contents may show an
increase in organic N as available N is used by initial colo-
nizers. On the other hand, those with more N show a de-
cline in organic N as net mineralization occurs
(Bartholomew, 1965). After the initial period of break-
down, further net changes in organic N are slow; and some
of it remains throughout the decomposition process. Gen-
erally, litter that is richer in N decomposes more rapidly.
Changes in N compounds during decomposition depend to
some extent on the initial N content.
Bocock (1963) has shown that N was added to oak
litter by atmospheric precipitation, insect frass, and plant
material falling from the canopy. Up to 25 percent of the
inorganic N in rain was taken up by the litters, itself or by
organisms in the litter. In a study of several litters, Bocock
(1964) observed that the N content generally increased dur-
ing decomposition. Such additions of N have been over-
looked in many previous studies.
The rate of nutrient release from leaf litter is in the
order K > P > Ca * N (Lunt, 1935). Apparently K and P
remain in the readily soluble forms after senescence, while
Ca probably exists predominantly as oxalate or carbonate.
After the initial period of leaching, the nutrients are re-
leased at a rate proportional to the weight loss (Curlin,
1971). The decomposition of woody litter occurs at a much
slower rate than that of leaves. McFee and Stone (1966)
found that the stemwood of birch in northern forests per-
sists intact for decades after the initial decay by rot fungi.
The residue, largely devoid of inorganic nutrients, consists
of partially depolymerized lignin, which is remarkably sta-
ble. An estimated 30 percent of the total litter in undis-
turbed forests is represented by wood and bark (Bray and
Gorham, 1964).
Table 1. Changes in Concentration of Various Nutrients in Decomposing Litter
Nutrients
N K Ca Mg
January 7, 1974 8,500
March 7, 1974 10,800
May 7, 1974 11,000
July 7, 1974 11,800
September 7, 1974 12,700
November 7, 1974 12,500
January 7, 1975 14,400
March 7, 1975 13,800
May 7, 1975 13,800
July 7, 1975 14,700
parts per million
1,350 1,896 15,467
950 1,798 16,101
1,110 1,587 16,650
830 1,551 14,647
970 1,500 20,432
1,870 1,378 18,656
830 1,294 17,115
910 915 16,941
2,020 1,100 18,317
2,160 1,131 19,025
1,397
1,284
1,107
1,180
1,247
1,106
920
886
847
897
Concentration of N (p.p.m.) = 9,716+ 298. 18t
P (p.p.m.) = 900+ 44.48t
K (p.p.m.)- 1,852 - 48.56t
Ca (p.p.m.) = 15,845+ 165.5 t
Mg (p.p.m.) = 1,349 - 2,904 t
(r2 = 0.88)
(r2 = 0.27)
(r2 = 0.88)
(r2 = 0.32)
(r2 = 0.84)
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Table 1 presents the concentration of various nutrients
in the decomposing litter during 18 months of exposure.
The N concentration increased consistently during this peri-
od from 8,500 to 14,700 parts per million. The phosphorus
and calcium concentrations also increased as decomposition
progressed. These changes were slight to medium, and were
accompanied by considerable variation. Greater concentra-
tions of N and P appear to be due to their uptake and
fixation by the microorganisms. The concentrations of po-
tassium and magnesium, however, decreased consistently.
These changes appear to be largely caused by leaching.
As indicated earlier, the rate of decomposition, and of
mineralization, as estimated by the decomposition study
are much lower than the theoretical calculation, which ap-
pears to be very close to the true value. It seems that almost
all of the nutrients reaching the forest in litterfall are miner-
alized by the end of the year.
CONCLUSIONS
The rates of litter decomposition were estimated by
experimental and theoretical calculations; the resultant
half-lives being 17 and 10.5 months, respectively. The true
half-life is variable, falling between the two limits given,
with a tendency to be closer to the latter estimate.
The concentration of N in decomposing litter increased
during the 18-month period of study; the concentrations of
K and Mg, however, decreased during the same period, all
having high coefficients of determination. There was con-
| siderable variation in the concentration of P and Ca with
decomposition. For both P and Ca, however, a slight trend
of increasing concentration could be noticed.
LITERATURE CITED
Bartholomew, W.V. 1965. Soil Nitrogen. W.V. Bartholo-
mew and F.E. Clark (ed). Amer. Soc. Agron. Pp.
285-306.
Bocock, K.L. 1963. Soil Organism. J. Doeksen, and J. van
der Drift (ed.). North-Holland, Amsterdam. Pp. 85-91.
Bocock, K.L. 1964. Changes in the amounts of dry matter,
nitrogen, carbon and energy in decomposing woodland
leaf litter in relation to the activities of the soil fauna./.
Ecology 52:273-284.
Bonnevie-Svendsen, C, and O. Gjems. 1957. Amount and
chemical composition of the litter from larch, beech,
Norway spruce and Scots pine stands and its effect on
the soil. Medd. Nerske Sk0gsferseksv 48:111-174.
Bray, J.R., and E. Gorham. 1964. Litter production in for-
ests of the world. Ecol. Res. 2:101-157.
.
Curlin, J.W. 1971. Nutrient cycling as a factor in site pro-
ductivity and forest fertilization. Tree Growth and For-
est Soils, Pp. 313-325.
Dickinson, C.H., G.J.F. Pugh. 1974. Biology of Plant Litter
Decomposition. Academic Press, London and New York.
Duvingneaud, P., and S. Denaeyer-De-Smit. 1970. Biologi-
cal cycling of minerals in temperate deciduous forests.
Ecological Studies 1. "Analysis of Temperate Forest
Ecosystems" D.E. Reichle (ed.). Springer-Verlag, New
York. Pp.199- 225.
Handley, W.R.C. 1954. Mull and mor formation in relation
to forest soils. Bull. For. Comm. Lond. No. 23:1-115.
Heath, G.W., et al. 1966. Studies in leaf litter breakdown I.
Breakdown rates of different species. Pedobiologia. Pp.
1-12.
H0lstener-jorgensen, H. 1960. Indfygning af J0rd i en plant-
ages vestrand. Ferestl. Fersoksv. Danm: 391-397.
Jenny, J., S.P. Gessel, and F.T. Bingham 1949. Comparative
study of decomposition rates of organic matter in temp-
erate and tropical regions. Soil Sci. 68:419-432.
Jensen, V. 1974. Decomposition of angiosperm tree leaf
litter. Biology of Plant Litter Decomposition. C.H. Dick-
inson and G.J.F. Pugh (ed.). Academic Press. London
and New York. Pp. 69-104.
Leighton, M.M., G.E. Ekblow, and L. Horberg. 1948. Phys-
iographic divisions of Illinois./. Geol. 56:16-33.
Lunt, H.A. 1935. Effect of weathering upon dry matter and
composition of hardwood leaves. /. Forestry
33:607-609.
McFee, W.W., and K.L. Stone. 1966. The persistence of
decaying wood in the humus layers of northern forests.
Soil Sci. Soc. Amer. Proc. 30:513-6
Nykvist, N. 1962. Leaching and decomposition of litter.
Oikos 13:232-248.
Page, J.L. 1949. Climate of Illinois. 111. Agr. Exp. Sta. Bull.
535.
Remezov, N.P. 1961. Decomposition of forest litter and the
cycle of elements in an oak forest. Soviet Soil Sci:
703-711.
The Illinois Agricultural Experiment Station provides equal opportunities in programs and employment.

uFORESTRY RESEARCH
REPORT agricultural experiment station
department of forestry university of illinois at urbana-champaign
No. 76-7 December, 1976
ESTIMATES OF HONEYSUCKLE BROWSE PRODUCTION 7
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Several authors have described the importance of hon-
eysuckle to white-tailed deer (Odocoileus virginianus) and
other wildlife (Cushwa et al, 1970; Handley, 1945; Nixon
et al, 1970; Sheldon and Causey, 1974). Halls (1973) and
Harlow et al. (1975) have reported that honeysuckle be-
comes especially important during times when oak mast
(Quercus spp.) is scarce. Research has also indicated that
honeysuckle is highly digestible in deer (Short, 1975).
As part of a research project evaluating the ecology of
pine plantations in southern Illinois, honeysuckle browse
was sampled in a loblolly pine plantation (Pinus taeda L.)
to determine production. Since honeysuckle develops dense
cover, a method of sampling was devised to give an estimate
of honeysuckle production with minimal effort. Valuable
data can be collected quickly if green weights can be used.
STUDY AREA
The study area for sample collection was located near
the Dixon Springs Agricultural Center, in Pope County, Illi-
nois. The soils on the study site are of the Grantsburg-
Zanesville Association. The soils characteristically contain a
fragipan (siltpan).
MATERIALS AND METHODS
Honeysuckle samples were clipped with pruning shears
on twenty-three 0.16-milacre plots established on a grid
that was 100 feet square. A steel rod was used in establish-
ing the sampling area. The rod was 1/4-inch in diameter and
5 feet 4 inches long, representing the chord of the sector
forming a quarter of a milacre circular plot. The rod was
used in conjunction with a standard milacre plot cord and a
Jacob staff. The cord was joined with one end of the rod in
the upper left quadrat of the milacre plot, with the rod
positioned on the ground. The cord was then turned until
the tip joined the opposite end of the rod, thus forming a
pie-shaped area.
All samples were placed in plastic bags and taken to the
laboratory where they were weighed green, oven-dried at
105 C, and reweighed.
RESULTS AND DISCUSSION
The wet and dry weights of the honeysuckle samples
are shown in Table 1. A mean difference of 48 percent was
measured between the wet and dry weights. Gysel and
Table 1. Weight and LogjQ Weights of Honeysuckle Samples Showing Differences Between Green and Oven-Dry Weights
Sample
Wet weight
(kg.) Lo§10
Dry weight
(kg.) L°gl0
Difference
(kg.) Lo§10
Percent
difference
1 34.0 1.53 17.0 1.23
2 161.0 2.21 85.3 1.93
3 57.6 1.76 27.1 1.43
4 22.9 1.36 13.7 1.14
5 7.2 .86 3.4 .53
6 69.0 1.84 34.6 1.53
7 101.2 2.00 45.5 1.66
8 60.0 1.78 40.2 1.60
9 11.9 1.08 5.9 .77
10 116.3 2.07 59.3 1.77
Total 641.1 332.0
Mean 64.1 33.2
Supported in part by Hatch Project 55-343, Illinois Agricultural Experiment Station,
respectively. Department of Forestry.
17.0 .30 50
75.7 .28 47
30.5 .33 53
9.2 .22 40
3.8 .33 53
34.4 .31 50
55.7 .34 55
19.8 .18 33
6.0 .31 50
57.0 .30 49
309.1
30.9 .29 48
'Research Assistant, Associate Professor, and Forester,
Stearns (1968) noted a difference of^pproximately 50 per-
cent between the wet and dry weight of woody browse.
No significant difference (p = .05) was found between
the logjQ of the mean difference and the logjQ of each
sample difference.
These data support the contention of Gysel and Stearns
(1968) that green weights can be used to make a good
estimate of production for management purposes, as long as
samples are tested periodically by drying to monitor possi-
ble changes in moisture content due to humidity changes,
rainfall, or other climatic factors.
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COMMON WILDLIFE FOOD PLANTS IN LOBLOLLY (PIXUS TAEDA L.)
AND SHORTLEAF PINE (P. ECHIXA TA MILL,) PLANTATIONS
IN SOUTHERN ILLINOIS ;
R.D. Applegate, G.L. Rolfe, L.E. Arnold 2
This report provides some data on important wildlife
food plants occurring in loblolly and shortleaf pine planta-
tions. Data for the report were collected during the summer
of 1976.
These data will be of value to wildlife and forest man-
agers in developing management plans for southern Illinois
lands, and should stimulate more detailed study of this as-
pect of applied ecology in southern Illinois forests.
STUDY AREA
Plants were tallied from 63 milacre and 1/20-acre cir-
cular plots established for more detailed studies of pine
plantations. Qualitative observations of several plantations
were also made.
All study areas were in the Shawnee National Forest
and near the Dixon Springs Agricultural Center in Pope
County, Illinois. A few sites were qualitatively examined in
Johnson, Saline, and Hardin counties.
The soils of this area are of the Grantsburg-Zanesville
Association. These soils are loessal and contain a fragipan
(siltpan).
The pine plantations examined were 25 to 35 years old.
The Litter depths ranged from 0.5 to 4 inches, averaging
2.65 inches.
DISCUSSION
Seventeen species were recorded in pine plantations
(Table one). Some species may be of low density or abun-
dance, so the sample represents only the major food species
occurring on these sites. Krochmal and Kologiski (1974)
recorded 45 species representing 13 families of value to
wildlife in a 33-year-old loblolly stand in North Carolina.
Table two lists the density and frequency of the more
important browse plants. Wolters and Schmidtling (1975)
found 10,706 stems per hectare of browse plants in a con-
trol, 12-year-old plantation. This is considerably lower than
our estimate of 80,868.2 stems per hectare from older
stands.
Table 1. Important Wildlife Food Species Commonly
Found in Southern Illinois Pine Plantations.
MONOCOTYLEDONEAE
Liliaceae
Smilax rotundifolia L. (Greenbrier)
Smilax bona-nox L. (Saw greenbrier)
DICOTYLEDONEAE
Rosaceae
Rubus spp. (Blackberries, brambles)
Primus serotina Ehrh. (Black cherry)
Leguminosae
Desm odium spp. (Tick-clover, beggar-ticks)
Anacardiaceae
Rhus radicans L. (Poison-ivy)
Vitaceae
Parthenocissus quinquefolia L. (Virginia creeper)
Vitis spp. (Wild grape)
Ebenaceae
Diospyros virginiana L. (Persimmon)
Cornaceae
Cornus florida L. (Flowering dogwood)
Lauraceae
Sassafras albidum (Nutt.) Nees. (Sassafras)
Ulmaceae
Ulmus alata Michx. (Winged elm)
Bignoniaceae
Campsis radicans (L.) Seemann (Trumpet-vine)
Caprifoliaceae
Lonicera japonica Thunberg (Japanese honeysuckle)
Fagaceae
Quercus muhlenbergii Engelm. (Chinquapin oak)
Oleaceae
Fraxinus americana L. (White ash)
Phytolaccaceae
Phytolacca americana L. (Pokeweed)
Scientific names follow Jones (1963), Gill and Healy
(1974).
Supported in part by Hatch Project 55-343, Illinois Agricultural Experiment Station. -Research Assistant, Associate Professor,
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Because of high density, three species were sampled by
weight. The oven-dry weights and frequencies of these three
species are presented in Table three. These data indicate
that honeysuckle is the most common species, but data on
the incidence of browse suggest that honeysuckle is the
least utilized of the 17 species recorded. The 5 most impor-
tant ones are given in Table four. Of the species tallied,
persimmon was the most heavily browsed. Most authors
regard persimmon as an undesirable browse species (Wolters
and Schmidtling, 1975; Goodrum and Reid, 1959; Halls
and Ripley, 1961; Lay, 1967).
Our studies of woody tree species in the understory of
pine plantations suggest that in southern Illinois, the great-
est value of pine to wildlife is in producing woody browse.
Herbage appears to be less abundant in older pine stands
due to the canopy of the hardwood understory. Wolters
and Schmidtling (1975) found that herbage was lower on
pine stands receiving cultural treatments, but that browse
was enhanced. Our data support this pattern (Tables two
and three).
To achieve the greatest possible production of herba-
ceous vegetation in pine management, we recommend:
1. Clearcut openings of 2 to 3 hectares should be made,
seeding them to grasses and legumes. These openings
should be maintained by periodic burning, disking, or
injecting woody-stem plants with herbicide.
2. Crown thinnings should be made in pine in order to
open up the overstory on small areas.
3. Herbicide injections should be made of the large,
woody-stem plants in the understory that are too large
or are of a less-desirable browse species.
Table 2. Density and Frequency of Important Browse
Plants in Southern Illinois Loblolly and Shortleaf
Pine Plantation
Species Stems/ha. Frequency (%)
Greenbrier 828.2
Blackberries 2,424.0
Poison ivy 56,412.8
Virginia creeper 17,143.3
Grape 585.8
Sassafras 1,264.9
Persimmon 404.1
Dogwood 998.3
Cherry 806.8
Total 80.868.2
21
13
100
83
13
87
82
82
70
Table 3. Oven-Dry Weight and Frequency of Some
Important Browse and Food Plants in Southern
Illinois Loblolly and Shortleaf Pine Plantations
Species Gm./ha. Frequency (%)
Honeysuckle 687.2
Trumpet-vine 7.4
Tick-clover 3.0
Total 696.4
30.4
2.0
7.0
39.4
Table 4. Frequency and Incidence of Deer Browsing on
Several Browse Species in Southern Illinois
Loblolly and Shortleaf Pine Plantations
Species
Browsed
stem/ha.
Frequency
of browse (%)
Chinquapin oak 35.1
White ash 70.3
Persimmon 123.0
Winged elm 52.7
Honeysuckle 17.6
Total 298.7
4.34
4.34
6.60
4.34
9.36
28.98
LITERATURE CITED
Gill, J.D., and W.M. Healy (ed.). 1974. Shrubs and vines for
northeastern wildlife. USDA Forest Serv. Gen. Tech.
Rpt. NE-9.
Goodrum, P.D., and V.H. Reid. 1959. Deer browsing in the
longleaf pine belt. Proc. Soc. Am. For. 1958:139-143.
Halls, L.K., and T.H. Ripley (ed.). 1961. Deer browse
plants of southern forests. U.S. For. Serv. Southern and
Southeastern Forestry Exp. Stations.
Jones, G.N. 1963. Flora of Illinois. University of Notre
Dame. 401 p.
Krochmal, A., and R. Kologiski. 1974. Understory plants in
a mature loblolly pine plantation in North Carolina.
USDA Forest Serv. Res. Note SE-208.
Lay, D.W. 1967. Deer range appraisal in eastern Texas. /.
Wildlife Mgmt. 31(3):426-432.
Wolters, G.L., and R.C. Schmidtling. 1975. Browse and
herbage in intensively manged pine plantations. /.
Wildlife Mgmt. 39(3):557-562.
The Illinois Agricultural Experiment Station provides equal opportunities in programs and employment.
FORESTRY RESEARCH
REPORT
department of forestry
u
agricutoMT experiment station
university, ot i^inofe al urbana-champaign
No. 76-9 December, 1976
EFFECTS OF BEEF-CATTLE WASTE ON THE SEEDLING
GROWTH OF SHORTLEAF PINE (PINUS ECHINATA MILL.)
AND LOBLOLLY PINE (P. TAEDA L.) ;
M. Mcintosh and G.L. Rolfe 2
The growing use of high-density feedlots for beef cattle
in recent years has created an increasing problem of waste
disposal. An estimated 2 billion tons of livestock waste are
produced annually; also, 50 percent of the animal waste
produced comes from feedlots [1] .
Livestock waste may be viewed as an asset or a detri-
ment, depending on the manner in which the waste is han-
dled. If the price of nitrogen remains high, cattlemen may
benefit by using livestock waste as an economical source of
nitrogen for crops [2,3] . However, an excessive amount of
waste material may provide more nutrients than the vegeta-
tion is capable of using. As a result, these surplus nutrients
could become an unwelcome addition to our waterways.
In order to deal with the problem of water pollution,
the United States Pollution Discharge System Program was
established in 1973. Under Public Law 92-500, feedlot run-
off facilities must be designed to control all waste water
generated in addition to the runoff from a 10-year, 24-hour
rainfall event [4] .
The most commonly used method of waste disposal
involves diverting feedlot runoff by outside drainage and
impounding waste water in a holding pond until it can be
applied to agricultural cropland. The major objective of the
land-spread method is a "zero runoff" system that will also
increase soil fertility and crop growth. Unfortunately, due
to diseconomies of scale, land applications of waste are
particularly costly for small feedlot operators [5] , who
constitute 90 percent of all feedlot operations [6] .
An alternate land-disposal method requiring minimal
investments of both time and money is being investigated at
the Dixon Springs Agricultural Center in Pope County, Illi-
nois. Liquid waste is being allowed to flow onto separate
forested and agricultural watersheds with every runoff
event, eliminating the need for applying wastes to the land
by mechanical means.
At DSAC, various crop covers are being evaluated for
their efficiency in maintaining water quality on watersheds
receiving runoff from a beef feedlot. Previous studies of
forested watersheds indicate that forests show the greatest
promise as a "living filter" for waste materials generated by
a feedlot system. A loblolly pine stand was studied between
1941 and 1955 on an 88-acre watershed in Henderson
County, Tennessee, in order to evaluate its worth in water-
shed management. The pine on the watershed reduced sur-
face runoff by 34 percent, and peak discharges were re-
duced in both frequency and rate throughout the year. Ero-
sion decreased which, in turn, reduced the sediment load to
half of the original amount after 2 years, and almost elimi-
nated it after 10 years. The maximum rate of flow on the
loblolly watershed was 22 times less than on a grassland
watershed, and 2 7 times less than on denuded land [7] . In
a study by Stephens and Hill [8] , a white pine stand suc-
cessfully maintained water quality following applications of
poultry waste. Direct contact with liquid runoff did not
damage large trees, although seedling mortality did increase.
Doyle et al. [9] found that a deciduous forest was effective
as a buffer in preventing stream pollution by animal wastes.
However, the decreased infiltration rates during the winter
presented a greater pollution potential than under summer
conditions.
For a complete investigation into the possibilities of
direct waste disposal onto a forested watershed, waste-
related changes in such parameters as the growth rates of
trees, the physical and chemical characteristics of soils, and
the quantity and quality of surface and subsurface water-
flow should be monitored. In addition, the effect of waste
on stand regeneration would be of major concern in a long-
term utilization system. Seedlings are more sensitive than
older trees to the harfmul effects of waste contact [8] .
The purpose here is to report the effects of waste from
beef cattle on the growth and nutrient uptake of loblolly
and shortleaf pine seedlings.
MATERIALS AND METHODS
A greenhouse pot experiment using a range of soil-waste
mixtures was conducted in order to determine the effects
of beef cattle waste on the growth and nutrient uptake of
shortleaf and loblolly pine seedlings. In the experiment, all
seeds were planted in 9-inch plastic pots containing soil or
Supported in part by Mclntirc Stennis Report 55-345. Illinois Agricultural Experiment Station. -Research Assistant and Associate Professor,
respectively. Department of Forestry.
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soil-waste mixtures. The soil consisted of the zero-to- 15-
centimeter layer of a Grantsburg silt loam (Typic
Fragiudalf) obtained from a hardwood stand near the
Dixon Springs Agricultural Center in southern Illinois. The
beef cattle waste used was collected in November of 1974
from a concrete feedlot in Champaign County, Illinois.
Both the soil and the waste material were dried and ground
to pass through a 2-millimeter sieve. Dried instead of fresh
waste was used because of its uniformity. The soil treat-
ments consisted of 0-, 1-, 4-, and 15-percent waste by weight
(oven-dry basis).
The experiment was conducted under greenhouse con-
ditions where temperatures varied from 18 to 38 C. The
photoperiod was maintained at 12 hours by artificial light-
ing. All pots were watered daily with consistent amounts of
water.
The experimental design was a split plot, with the spe-
cies being the whole units and the soil treatments the sub-
units. Each pot was a sampling unit. There were four repli-
cates of each species per treatment.
The experiment was repeated three times. There were 1,
2, and 4 seedlings per pot in the first, second, and third
runs of the experiment, respectively. The need for addi-
tional plant tissue in the nutrient analyses made it necessary
to increase the number of seedlings per pot.
At harvest, each seedling was measured for stem height,
biomass, and nutrient concentrations, including calcium
(Ca), magnesium (Mg), potassium (K), and total nitrogen
(N). The stem heights were averaged by pot for statistical
analysis. The biomass of each seedling was measured for the
top and root components. The totals of these measure-
ments per pot were used in the analysis of variance. Seed-
lings from two pots in each treatment were analyzed sepa-
rately. A nutrient analysis of the first trial was disregarded
because the amount of available tissue was insufficient.
Total N was analyzed by the semimicro-Kjaldahl meth-
od, as described by Bremner [10] .
To determine the amounts of Mg, Ca, and K in the
seedling tissue, the remaining plant materials were dry-
ashed overnight in a muffle furnace at 450 C. The ash was
taken up in 3 normal, HCI and adjusted to a final volume of
20 milliliters to be used as an aliquot. Determinations of
Mg, Ca, and K were made with a Perkin-Elmer model 360
atomic absorption spectrophotometer.
The soil from each pot was analyzed before and after
the experiment for pH, total N, nitrate-nitrogen (NO3-N),
and exchangeable K, Ca, Mg, and P. Soil pH was determined
in a 1:1 mixture of soil and water using a Beckman pH
meter. Total N was determined by the macro-Kjeldahl
method [10]. NO3-N was determined by the colormetric
phenol-disulphate method, as described by Bremner [11].
The P, Ca, Mg, and K were extracted from 10-gram soil
samples with IN ammonium acetate of pH 7. Soil Ca, Mg,
and K were determined by atomic absorption techniques. P
determination were made using the ascorbic acid technique
[12].
RESULTS AND DISCUSSION
Air-dried beef cattle waste incorporated into Grants-
burg silt loam increased the soil's nutrient status. The
concentration range for Ca, Mg, K, P, total N, NO3-N, and
the pH in the soil treatments is shown in Table 1, as the
initial and final concentration of each chemical constitu-
ted.
The concentrations of all nutrients analyzed except
NO3-N were directly correlated to the amount of waste in
each treatment. The nutrient concentrations were highest
initially. These concentrations decreased steadily in all
treatments due to leaching and seedling uptake. The per-
centage of decrease for each nutrient is indicated by entries
shown in parentheses in Table 1.
Compared to the control pots, the soil mixtures in the
pots treated with waste contained higher total amounts of
nutrients and also showed a greater percentage loss of Mg,
K, an P. Additional implications of decreases in soil nutri-
ents will be discussed in relation to seedling nutrient
content.
Waste added to the soil decreased the soil NO3-N con-
tent initially, although the total N concentration increased.
The amount of NO3-N declined in all soil treatments. How-
ever, the treatment with higher waste additions had higher
final concentrations of NO3-N than the control treatment.
The final concentration of NOg-N depended on the amount
Table 1. Effect of Waste Incorporation on Soil Chemical Composition 1
Pet. waste Ca (p.p.m.) Mg (p.p.m.) K (p.p.m.) Total N (p.p.m.) NO3-N (p.p.m.) P (p.p.m.) pH
in soil Initial Final Initial Final Initial Final Initial Final Initial Final Initial Final Initial Final
(15%) (37%) (27%) (2%) (93%) (59%)
1,100 941 237 148 200 145 1,381 1,357 419 32 4 2 4.5 4.8
(20%) (38%) (34%) (2%) (93%) (71%)
1 1,207 964 265 163 255 169 1,410 1,389 410 24 6 2 4.6 5.0
(15%) (40%) (65%) (10%) (88%) (88%)
4 1,600 1,364 362 217 587 208 2,073 1,864 340 40 24 3 4.6 5.8
(18%) (47%) (71%) (24%) (50%) (95%)
15 2,648 2,198 675 358 1,701 494 3,900 2,968 113 57 140 6 4.6 6.9
L Figures shown in parentheses are the decreases in nutrient content during the experiment.
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of NOq leached, the root uptake of NO3, as well as the
amount of organic N converted to NO3-N. The nitrate-
-nitrogen content was lower initially in the dried waste than
in the soil, probably as a result of the drying procedure and
the soil storage conditions. Fifty percent or more of the
nitrogen in fresh manure may be in the ammonia form, or
converted into ammonia shortly after excretion [13]. The
ammonia may oxidize into nitrates; but by drying the waste
at temperatures of 35°C, the ammonia is more likely to be
lost into the atmosphere. The NO3-N in the Grantsburg silt
loam, however, was probably abnormally high because the
soil was stored under warm and moist conditions, which are
conducive to nitrification.
The NOq-N content decreased 93 percent in the con-
trol, compared to a 50-percent loss of NO3-N in the treat-
ment with 15-percent waste. Researchers have found that
nitrification rates are relatively rapid in the first year after
waste application [14] . Based on the data in Table 1, the
organic nitrogen in the waste seems to show a faster decay
rae than organic nitrogen in the soil.
In general, wastes are extremely variable in chemical
composition [14] . Therefore, a soil nutrient analysis is es-
sential in characterizing the soil conditions to which each
seedling is exposed and in understanding differences in
seedling growth or uptake due to waste treatment. Waste
application cannot be evaluated in relation to the amount
of waste applied to a soil unless the initial nutrient concen-
trations of the soil and the waste are known.
Seedling Height and Biomass. The average seedling
height and the average biomass per pot are shown in Figures
1 and 2. There were no significant differences (P^ 0.05) in
seedling height between species or between soil treatments.
There was no soil by species interaction (P S* 0.05)
The lack of significant differences can be partially attri-
buted to a large variation in the height of the seedlings
between pots within treatments. Seedling height is influ-
enced largely by genetic variation. Loblolly seedlings grown
under identical environmental conditions exhibited a three-
fold variation in height after 21 weeks of growth [15].
Wells [16] found that higher soil fertility did not increase
the height of one-year-old loblolly pine seedlings. There-
fore, waste application would be unlikely to directly affect
seedling height.
There were no significant differences (P^ 0.05) in the
biomass of either species due to soil treatment The total
biomass of shortleaf pine ranged from 0.80 gram in the
control treatment to 1.32 grams in pots containing
4-percent waste and from 0.93 gram in the control to 1.24
grams in the 4-percent waste treatment for loblolly pine. In
view of the apparent trend in the biomass data, significant
differences among waste treatments might have become evi-
dent if the experiment had continued beyond 4 months
(Figure 2). If so, small additions of waste might be benefi-
cial to growth, while larger amounts could become
detrimental.
Seedling Nutrient Content. No significant differences
(P^ 0.05) due to waste incorporation were found for the
nutrient concentrations in the tissue of either loblolly or
shortleaf pine seedlings. Also, there were no differences be-
tween species in nutrient concentration. Due to the similar-
ity in the nutrient content of both species, only the nutri-
ent composition of the loblolly pine seedlings is presented
Loblolly pine
V//A Shorttecrf pine
CONTROL I% waste 4% waste 15% waste
Figure 1 . Average height of loblolly and shortleaf pine seedlings for various soil-waste treatments.
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Figure 2. Average biomass of loblolly and shortleaf pine seedlings for various soil-waste treatments.
in Figure 3 and Table 2. The data shown are considered as
representative of the results for both species.
Seedling nutrient content has not been found to be
greatly influenced by the nutrient content of the soil. Lob-
lolly pine seedlings (and most likely those of shortleaf pine)
have low nutritional requirements [17]. Comparing there-
suits of the soil nutrient analyses (Table 1) and the nutrient
requirements of loblolly pine seedlings [17], all macronu-
trients were present in the Grantsburg silt loam in sufficient
quantities. The additional available nutrients present in the
waste treatments did not significantly increase nutrient con-
centrations in the seedlings. Wells [16] also found that fer-
tilization with N, P, NP, or K did not alter the N, P, or K.
content in loblolly seedlings. Metz, Wells, and Swindel [18]
reported that only a fraction of the variation in foliar nutri-
ents is due to the nutrient content of the soil. Because of
genetic variability and sampling error, there was a poor cor-
relation between the nutrient content of the soil and that
of the plants. Therefore, the absence of differences in nutri-
ent content of 4-month-old seedlings between waste treat-
ments is consistent with previous research on the relation-
ship between the nutrient composition of the soil and the
nutrient content of the plants.
The total nutrient content of loblolly or shortleaf pine
seedlings was not significantly different (PS* 0.05) as a re-
sult of waste treatment (Figure 3). The trend in the biomass
data is also evident in the total N and Mg contents of the
seedlings, and may be related to additional uptake of these
elements. Potassium, however, shows a linear trend of con-
sumption, which would be expected since the consumption
of potassium is related to the amount available rather than
to the amount required by the plant. As mentioned, these
trends may become significant in an experiment covering a
longer term.
SUMMARY AND CONCLUSIONS
The application of dried waste from beef cattle in
amounts of up to 15 percent in the soil mixture by weight
did not significantly affect the growth or nutrient uptake of
loblolly or shortleaf pine seedlings. Waste has a more delete-
rious effect on the germination of loblolly and shortleaf
pine than it does on their growth [19] . Therefore, seedlings
are able to demonstrate adequate, if not accelerated,
growth at waste levels low enough to allow germination.
However, both the length of the experiment and the
waste application procedure limit any generalizations about
the effects of waste on see Uing growth under field condi-
tions. Given a longer growth period, differences in the bio-
mass and the total nutrient content could become signifi-
cant. Also, in this experiment there was only an initial
waste application; but under field conditions, waste addi-
tions would be more frequent. Rather than a steady
leaching and depletion of soil nutrients, as occurred in this
experiment, soil nutrient concentrations would fluctuate
with the quantity of runoff and the frequency of runoff
events. A longer-range, field experiment would be needed in
order to study the interactions of the environment, the
waste, and the forest vegetation.
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Figure 3. Nutrient content of loblolly pine seedlings for various soil-waste treatments.
Table 2. The Effect of Waste Incorporation on Nutrient Concentrations (PPM) in
Loblolly Pine Seedlings
Pet. waste Seedling
part
Nutrient
in soil N K Ca Mg
root 1,260 5,124 2,5 22 1,358
top 2,500 8,648 1,837 851
root 1,570 6,068 1,637 1,943
1 top 3,700 9,511 1,615 997
root 1,700 6,268 2,277 2,110
4 top 4,200 8,662 1,331 849
root 2,000 6,165 3,908 2,429
15 top 4,200 13,820 1,567 1,011
Note: No significant differences were found in any column at the 5-percent level.
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The twig and leaf growth of browse plants provides
important components of the diet for the white-tailed deer
(Odo co ileus virginianus), especially during the spring and
summer months (Halls, 1973). Halls et al. (1970) presented
data on deer utilization of sassafras in pine stands and
pine-hardwood forests. Harlow et al. (1975a, 1975b)
reported data on the utilization and frequency of sassafras
browse in two Georgia National Forests. Numerous similar
studies have been published on browse resources, including
sassafras.
Along the Western Gulf Coast, sassafras was rated as a
high-choice food for deer (Goodrum and Reid, 1962). In
southern Illinois, sassafras was rated as a preferred deer
food (U.S. Forest Service, 1969).
As part of an extensive ecology study on plantations of
loblolly pine (Pinus taeda L.) and shortleaf pine (P.
echinata Mill.) in southern Illinois, considerable data were
collected on the production of sassafras browse in pine
plantations and old fields. This report presents the results
of that study.
The areas used in the study were located within a
3-kilometer radius of the Dixon Springs Agricultural Center
in Pope County, Illinois.
MATERIALS AND METHODS
All new growth (twigs and leaves) was clipped with
pruning shears, except the material over 1.8 meters in
height which was considered as unavailable to deer. For
each sample, the height and diameter at breast height were
recorded. The samples were weighed green, oven-dried for
24 hours at 105 C, then reweighed.
The estimates of sassafras browse were based on stem
counts from circular plots 0.00124 hectare in diameter in
both pine plantations and old fields. Mean (x) dry-matter
values for each size class (Table 1) were used to calculate
the total biomass per hectare in kilograms.
RESULTS AND DISCUSSION
The total dry matter was much greater by size class in
the old fields than in the pine plantations (Table 2). Halls
also noted that a pine overstory greatly reduces the growth
of sassafras when twig lengths are compared between
sassafras grown in the open and under pine trees (Halls,
1974).
Because the 1.97-centimeter class was not separated in
stem tallies on the old field but was included in the
Table 1. Total Dry Matter of Sassafras, by Size Class,
Southern Illinois Pine Plantations and Old Fields
Pine
Size class x ± SE (gm.)
Old field
x ± SE (gm.)
< 4.72 cm high
> 4.72 cm high
<1.97 cm DBH
1.97 cm dbha
3.93 cm dbha
7.87 cm dbha
0.5 ±.021
1.65 ± .014
50.30 ± .033
26.70 ±.033
1.96 ± .009
16.60 ± .029
42.75 ± 1.386
5.00 ± 1.000
Diameter breast high.
Table 2. Available Sassafras Browse in a Southern Illinois
Pine Plantation and Old Field
Pine Old field
Stems/ Stems/
Size Class ha. kg. /ha. ha. kg./ha.
<4.72 cm high 108.75 .06 1,000 1.96
> 4.72 cm 434.75 .07 1,087 18.04
> 1.97 cm DBHa
1.97 cm DBHa 622.50 31.25
2,174 92.94
3.94 cm DBHa 697.50 18.75
7.87 cm DBHa 2,750 13.75
Mean ± SE 465.9 ± 12.60 ± 1752.8 ± 31.7 ±
.05 .14 .10 .03
Total 50.13 130.65
Diameter breast high.
1 2Supported in part by Hatch Project 55-343, III. Agricultural Experiment Station. Research Assistant, Associate Professor, and Forester,
respectively. Department of Forestry.
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3.94-centimeter class, it was necessary to combine these
two groups in order to calculate the biomass per hectare.
Table 3 shows the dry-matter values for these two classes in
old field samples. There was much more available dry
matter in the 1.97-centimeter class than in the
3.94-centimeter class. This was due to greater stem growth
below the browse line in smaller trees. These data suggest
that the 1.97-centimeter class is the most important one in
terms of producing browse for deer. Thus, managers should
encourage stems in this class on both types of land in order
to optimize browse production.
In Virginia, 96 kilograms per hectare of sassafras leaves
were produced in six-year-old clearcut stands (Crawford et
al., 1975). No sassafras browse was found in selectively cut
oak-pine timber in Virginia. Our data show much higher
production in an abandoned field that was 35 to 40 years
old (Table 2).
Halls and Alcaniz (1972) show beginning and ending
dates for twig elongation of sassafras from March 3 1 to July
20 for open grown trees and March 30 to July 18 for those
grown under pine. Samples for this study were collected
during June and July which may indicate that twig
elongation was not complete for those trees sampled.
However, our samples still fall within the broad ranges given
by Halls and Alcaniz. The possibility exists that twig
elongation begins later and ceases earlier in the more
northern section of southern Illinois, which would
substatiate our findings. Additional studies are planned for
subsequent growing seasons.
The preliminary results of this study give a usable
estimate of browse production from sassafras by size class
for the period during which the samples were collected. For
management purposes, it seems practical to employ small
samples as a usable index of production for developing
management plans, while keeping cost and manpower at a
minimum.
RESEARCH NEEDS
In order to more fully utilize these data, it would be
useful to have quantitative food-selection data from deer
rumen samples. The deer check station system used by the
Illinois Department of Conservation would provide a means
of collecting this material. However, if leaf fall occurs early,
sassafras may not be utilized during the hunting season
(November and December). It would be necessary to collect
rumen samples from immobilized deer in order to evaluate
Table 3. Mean Dry Matter Availability for the 1.97 and
3.94 mm DBH Classes in Southern Illinois Old
Field Sassafras
Size class
Mean
(grams)
1.97 cm DBH'
3.94 cm DBH £
56.7
28.8
lDiameter breast high.
the actual spring-summer utilization of sassafras. Future
research should also attempt to establish the chronology of
sassafras twig growth in the southern Illinois latitudes used
for the present study.
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The twig and leaf growth of browse plants provides
important components of the diet for the white-tailed deer
(Odocoileus virginianus), especially during the spring and
summer months (Halls, 1973). Halls et al. (1970) presented
data on deer utilization of sassafras in pine stands and
pine-hardwood forests. Harlow et al. (1975a, 1975b)
reported data on the utilization and frequency of sassafras
browse in two Georgia National Forests. Numerous similar
studies have been published on browse resources, including
sassafras.
Along the Western Gulf Coast, sassafras was rated as a
high-choice food for deer (Goodrum and Reid, 1962). In
southern Illinois, sassafras was rated as a preferred deer
food (U.S. Forest Service, 1969).
As part of an extensive ecology study on plantations of
loblolly pine (Pinus taeda L.) and shortleaf pine (P.
echinata Mill.) in southern Illinois, considerable data were
collected on the production of sassafras browse in pine
plantations and old fields. This report presents the results
of that study.
The areas used in the study were located within a
3-kilometer radius of the Dixon Springs Agricultural Center
in Pope County, Illinois.
MATERIALS AND METHODS
All new growth (twigs and leaves) was clipped with
pruning shears, except the material over 1.8 millimeters in
height which was considered as unavailable to deer. For
each sample, the height and diameter at breast height were
recorded. The samples were weighed green, oven-dried for
24 hours at 105 C, then reweighed.
The estimates of sassafras browse were based on stem
counts from circular plots 0.00124 hectare in diameter in
both pine plantations and old fields. Mean (x) dry-matter
values for each size class (Table 1) were used to calculate
the total biomass per hectare in kilograms.
RESULTS AND DISCUSSION
The total dry matter was much greater by size class in
the old fields than in the pine plantations (Table 2). Halls
also noted that a pine overstory greatly reduces the growth
of sassafras when twig lengths are compared between
sassafras grown in the open and under pine trees (Halls,
1974).
Because the 1.9 7 -millimeter class was not separated in
stem tallies on the old field but was included in the
Table 1. Total Dry Matter of Sassafras, by Size Class,
Southern Illinois Pine Plantations and Old Fields
Pine
Size class x ± SE (gm.)
Old field
x ± SE (gm.)
<4.72 cm high
> 4.72 cm high
<1.97 mmDBH
1.97 mmdbha
3.93 mm dbha
7.87mmdbha
0.5 ± .021
1.65 ±.014
50.30 ± .033
26. 70 ±.033
1.96 ± .009
16.60 ± .029
42.75 ± 1.386
5.00 ± 1.000
Diameter breast high.
Table 2. Available Sassafras Browse in a Southern Illinois
Pine Plantation and Old Field
Pine Old field
Stems/ Stems/
Size Class ha. kg. /ha. ha. kg./ha.
<4.72 cm high 108.75 .06 1,000 1.96
> 4.72 cm 434.75 .07 1,087 18.04
> 1.97 mm DBHa
1.97 mmDBHa 622.50 31.25
2,174 92.94
3.94 mm DBHa 697.50 18.75
7.87 mm DBHa 2,750 13.75
Mean ± SE 465.9 ± 12.60 ± 1752.8 ± 31.7 ±
.05 .14 .10 .03
Total 50.13 130.65
Diameter breast high.
1 2Supported in part by Hatch Project 55-343, III. Agricultural Experiment Station. Research Assistant, Associate Professor, and Forester,
respectively, Department of Forestry.
3.94-millimeter class, it was necessary to combine these
two groups in order to calculate the biomass per hectare.
Table 3 shows the dry-matter values for these two classes in
old field samples. There was much more available dry
matter in the 1 .97-millimeter class than in the
3.94-millimeter class. This was due to greater stem growth
below the browse line in smaller trees. These data suggest
that the 1.97-millimeter class is the most important one in
terms of producing browse for deer. Thus, managers should
encourage stems in this class on both types of land in order
to optimize browse production.
In Virginia, 96 kilograms per hectare of sassafras leaves
were produced in six-year-old clearcut stands (Crawford et
al., 1975). No sassafras browse was found in selectively cut
oak-pine timber in Virginia. Our data show much higher
production in an abandoned field that was 35 to 40 years
old (Table 2).
Halls and Alcaniz (1972) show beginning and ending
dates for twig elongation of sassafras from March 31 to July
20 for open grown trees and March 30 to July 18 for those
grown under pine. Samples for this study were collected
during June and July which may indicate that twig
elongation was not complete for those trees sampled.
However, our samples still fall within the broad ranges given
by Halls and Alcaniz. The possibility exists that twig
elongation begins later and ceases earlier in the more
northern section of southern Illinois, which would
substatiate our findings. Additional studies are planned for
subsequent growing seasons.
The preliminary results of this study give a usable
estimate of browse production from sassafras by size class
for the period during which the samples were collected. For
management purposes, it seems practical to employ small
samples as a usable index of production for developing
management plans, while keeping cost and manpower at a
minimum.
RESEARCH NEEDS
In order to more fully utilize these data, it would be
useful to have quantitative food-selection data from deer
rumen samples. The deer check station system used by the
Illinois Department of Conservation would provide a means
of collecting this material. However, if leaf fall occurs early,
sassafras may not be utilized during the hunting season
(November and December). It would be necessary to collect
rumen samples from immobilized deer in order to evaluate
Table 3. Mean Dry Matter Availability for the 1.97 and
3.94 mm DBH Classes in Southern Illinois Old
Field Sassafras
Size class
Mean
(grams)
1.97 mm DBHa
3.94 mm DBH £
56.7
28.8
'Diameter breast high.
the actual spring-summer utilization of sassafras. Future
research should also attempt to establish the chronology of
sassafras twig growth in the southern Illinois latitudes used
for the present study.
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CHANGES IN A REEQj
II. SOIL
^' &**% March, 1977
FORES1ED SOIL ASSOCIATED WITH IREE SPECIES AND TIME.
OR^ANfCCONTENT AND pH IN HARDWOOD PLANTATIONS^
,4.i?. Gilmore 2
The build-up of organic matter and changes in pH in re-
forested soils depend upon a number of factors, such as spe-
cies and density of trees growing on the site, years reforested,
and soil type. Normally, only small increases in soil organic
content and small changes in pH occur until the canopy of the
trees closes. After the site is fully occupied by trees, a plateau
in change of the soil parameters is reached, and only small
changes occur after that time. Results of an 18-year build-up
in soil organic content and changes in pH under the hardwood
species planted on the Elizabethtown Experiment Field are
presented in this report.
DESCRIPTION OF AREA AND PAST TREATMENT
The area is located in extreme southern Illinois in the
same experimental field used previously for similar studies
(1,2). The soil type is a Wartrace silt loam (Typic Haplu-
dalf), a well-drained soil developed from loess over lime-
stone. Base exchange capacity averages 13.5 milliequiva-
lents per 100 grams for the 0- to 15-centimeter layer.
Prior treatments to the area, which was operated as part
of a livestock system utilizing barnyard manures, have been
reported previously (1,2). Briefly, these include treatment
with manure (M), limestone (L), crop residue (R), and rock
phosphate (P), applied singly or in combination. In the
present study, one block was divided into eight 0.08 hec-
tare plots, and each plot was treated as follows: O (no
treatment), M, ML, MLP, R, RL, or RLP.
METHODS
Sycamore (Platanus occidentals L.), green ash (Fraxi-
nus pennsylvanica Marsh.), and yellow-poplar (Lirioden-
dron tulipifera L.) were hand planted in 1956 in plots that
had been in the clover-alfalfa part of the original crop rota-
tion for three years prior to tree plantings. In each treat-
ment plot there were 50 sycamore, 33 ash, and 24 yellow-
poplar seedlings planted at a spacing of 1.8 by 1.8 meters.
A composite soil sample was taken in the spring of
1955 from the O- to 15- and 15- to 30-centimeter layers of
each original fertility plot. In 1960 these original plots were
subdivided according to the tree species planted, and com-
posite soil samples taken from the 0- to 15- and 15- to
30-centimeter layers of each subplot. Soil sampling in 1967
and 1973 followed the 1960 sampling procedures except
that samples were taken from the 0- to 7.5-, 7.5- to 15-, and
15- to 30-centimeter layers. Soil organic content was deter-
mined by the wet oxidation method (3) using ortho-
phenanthroline ferrous sulfate as the indicator. Soil pH was
determined using a glass electrode in a 2-to-l mixture of
distilled water and soil.
Tree survival was determined in the fall of 1961 and
1973.
RESULTS AND DISCUSSION
Tree Survival
Results at the end of the first six growing seasons have
been published (1). Briefly, the data showed that hardwood
survival and growth were poorest on those plots that had
not received lime. There was no increase in tree mortality
from 1961 to 1973, and survival averaged 40 percent on
unlimed plots and 60 percent on limed plots (Table 1). The
poor survival on the unlimed plots suggested that these
plots be treated as areas in grass and that the four limed
plots be treated as areas in trees.
Soil Organic Content
Soil organic matter content was greater before trees
were planted in plots that had been limed than in plots that
had not received lime, and this relationship continued
throughout the study (Table 2). The organic matter content
was higher in all soil layers of the ML and MLP plots than
in the other two limed plots. These differences are attrib-
uted to the higher soil fertility where manure (M) had been
previously applied as compared with areas where plant resi-
dues (R) had been applied.
There was little increase in soil organic content in the 0-
to 15-centimeter layer in all plots between 1955 and 1967,
but a highly significant increase in organic content during
Table 1. Percent Survival of Each Tree Species in 1973
According to Treatment
Tree specie s
Treatment3 Sycamore Ash Yellow-poplar
O 41 62 21
M 57 70 12
ML 78 70 75
MLP 60 68 42
R 35 58
RL 44 58 50
RLP 69 72 38
aSurvival of hardwoods was significantly greater at the 1-
percent level where lime had been added to plots in both
the manure and crop residue series.
A portion of this research was supported by funds from the Illinois Agricultural Experiment Statio?i, Mclntire-Stennis
Project 55-324.
^Professor, Department of Forestry.
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the period from 1967 to 1973 occurred in this layer. As
was expected, most of the increase in organic content oc-
curred in the 0- to 7.5-centimeter layer (Table 2).
The soil organic matter content in the 0- to 15-
centimeter layer of the limed plots planted to yellow-poplar
averaged 2.18 percent in 1973, which was significantly
greater than for ash (2.07 percent) and sycamore (1.91 per-
cent) for this depth. These differences can be accounted for
by the levels in the 0- to 7.5-centimeter layer, which aver-
aged 2.72 percent, 2.43 percent, and 2.30 percent for
yellow-poplar, ash, and sycamore respectively. A probable
reason for these differences is that yellow-poplar's residue is
more conducive to initial breakdown but more resistant to
complete breakdown by organisms, which results in a great-
er buildup of organic matter in the soil under yellow-poplar
than under the other two species. Normally, yellow-poplar
also has a more dense mat of fibrous roots in the surface
soil layer and fewer roots at lower soil depths than the
other two species. This is demonstrated by the lower soil
organic content in the 15- to 30-centimeter layer under
yellow-poplar (0.76 percent) than under ash (1.01 percent)
or sycamore (1.02 percent).
Soil pH
Difference in soil pH at any depth could not be attrib-
uted to tree species. Like results were found in a similar
study with pines (2). Past soil management did not influ-
ence the pH of the unlimed plots during the study period.
The residue plots that had been limed had the highest
soil pH in the 0- to 15-centimeter layer throughout the
study period, but the trees seemed to have an equalizing
influence on pH over time (Table 3). For example, the
residue-limed plots were 0.65 oH units greater than the
manure-limed plots before the trees were planted. This dif-
ference decreased to 0.45 in 4 years, 0.30 in 11 years, and
0.11 pH units in 17 years after the trees were planted.
These results indicate that when other factors are similar,
closely related hardwood trees species tend to negate the
effects of past soil treatments on pH.
Soil pH increased in both the surface and subsurface
soil layers soon after the trees were planted, but declined in
the succeeding years. Seventeen years after the trees were
planted, pH averaged about the same as it had been prior to
tree establishment. On an area adjacent to the study area,
soil pH under pines reacted similarly (2). Information in the
literature indicates that soil pH should continue to decline
in these plantations during the next decade.
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Table 2. Average Percent Soil Organic Matter According to Soil Depth, Treatment, and Year
Depth
(cm)
Treatment3 Averag »b
Year O M ML MLP R RL RLP Limed c Unlimed c
0-7.5
1955 0-15 1.13 1.68 1.96 1.99 1.82 1.68 1.79 1.86 1.44
15-30 0.16 1.17 0.45 0.67 0.99 1.07 1.41 0.90 0.84
0-7.5
1960 0-15 1.25 1.71 1.97 1.97 1.60 1.65 1.63 1.80 1.45
15-30 0.80 0.81 0.93 1.02 0.84 0.76 0.86 0.89 0.81
0-7.5 1.60 * 1.82 2.42 2.30 1.48 2.02 1.87 2.15 1.62
1967 0-15 1.32 1.54 2.05 1.98 1.39 1.66 1.55 1.81 1.39
15-30 0.61 0.68 1.00 0.93 0.62 0.73 0.74 0.85 0.63
0-7.5 1.87 2.16 •2.72 2.66 1.78 2.16 2.20 2.43 1.92
1973 0-15 1.61 1.78 2.20 2.24 1.48 1.79 1.83 2.01 1.62
15-30 0.69 0.82 1.34 1.07 0.79 0.75 0.66 0.95 0.75
aML and MLP were significantly different at the 1 -percent level from RL and RLP each year in the 0- to 15-centimeter layer.
"For 1973, the 0- to 15-centimeter layer is significantly different at the 1-percent level from those for other years.
c Unlimed plots are different from limed plots at the 5-percent level.
Table 3. Average Soil pH According to Depth, Treatment, and Year
Depth
(cm)
Treatment Average
Yeara O M ML MLP R RL RLP Limedb Unlimedb
0-7.5
1955 0-15 5.52 5.80 6.05 6.20 5.30 6.70 6.30 6.31 5.53
15-30 5.26 4.38 4.60 5.30 4.98 5.48 6.48 5.46 4.97
1960
0-7.5
0-15 5.57 5.52 6.80 7.23 5.42 7.25 7.20 7.12 5.52
15-30 5.44 5.33 6.65 6.70 5.37 6.55 6.47 6.59 5.40
0-7.5 5.66 5.71 6.63 6.73 5.65 6.56 6.65 6.64 5.67
1967 0-15 5.60 5.60 6.32 6.70 5.67 6.62 6.70 6.58 5.62
15-30 5.30 5.32 6.40 6.44 5.46 6.46 6.56 6.46 5.34
0-7.5 4.73 5.60 6.32 6.40 5.42 6.37 6.47 6.39 5.12
1973 0-15 5.30 5.43 6.32 6.35 5.37 6.43 6.47 6.39 5.35
15-30 5.06 5.07 6.15 6.07 D.15 6.07 6.12 6.10 5.08
a There are significant differences between years in the 0- to 15-centimeter layer at the 1-percent level and in the 15- to
30-centimeter layer at the 5-percent level.
"Unlimed plots are different from limed plots at the 1-percent level.
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MORE ON THE EFFECTS OF SOIL MOISTURE STRESS^
ON MONOTERPENES IN LOBLOLLY PINE^
f$&*
®&$h977
A.R. Gilmore 2
In a previous report (3) the changes in monoterpene
concentrations in xylem oleoresin of pole size loblolly pine
(Pinus taeda L.) growing under various soil moisture condi-
tions in the field were presented. Briefly, the results indi-
cated that soil moisture has a greater effect on mono-
terpene concentration in loblolly pine than did phenolog-
ical processes. This paper presents the change in
monoterpene concentrations of cortical oleoresin, foliage,
and air samples associated with loblolly pine seedlings grow-
ing in pots under soil-drying conditions.
METHODS
Twenty-one loblolly pine potted seedlings were used in
the study. All seedlings were one year from seed when
potted. When used in the study, 14 of the potted seedlings
were two years from seed and 7 were three years from seed.
The soil in the pots was brought to field capacity at the
time of first oleoresin sampling but was not watered during
the investigation; the seedlings were allowed to die.
Beginning January 8, 1974, and weekly thereafter until
the seedling was dead, a cut was made on the bole of each
seedling, and the oleoresin exuding from the cut was col-
lected. At the same time a foliage sample was collected and
weighed. These foliage and oleoresin samples were stored at
-18C. until used for monoterpene analysis.
Five days before each oleoresin sampling was taken, the
top of each seedling was encased in an air-tight, clear plastic
bag. A few minutes before oleoresin and foliar samples were
collected, a 10-ml air sample was taken from within the
plastic bag that encased the seedling. The air sample was
immediately injected into the gas chromatograph and ana-
lyzed for monoterpenes.
Oleoresin samples were dissolved in hexane containing
670 ppm cumene, and this solution was analyzed for mono-
terpenes. The foliage samples were ground with a mortar
and pestle in hexane-cumene; otherwise, analytical proce-
dures were the same as those for the oleoresin samples.
Oleoresin and foliar monoterpenes were computed as
percentages by weight of the oleoresin and foliar sample
respectively, using cumene as the internal standard. Air
sample monoterpenes were computed as a percentage of the
total monoterpenes in the sample.
All samples were analyzed with a Hewlett-Packard
Model 5750 Gas Chromatograph equipped with dual
^ ,*>*&
**&#?<*2&»
hydrogen-air ionization detectors u^ii(|p'STainless steel col-
umns with 20-percent carbowax 20 M liquid phase on 60 to
80 mesh, acid-wasted chromosorb W solid support. Oper-
ating conditions were as follows: injection port, 200 C;
detector, 225 C; column, 110 C; and He flow, 17 cubic
centimeters per minute.
RESULTS
Six monoterpenes were found in the oleoresin from
most seedlings (Table 1). When all 21 seedlings or just the
14 two-year-old seedlings were considered, there were no
differences in the concentration of monoterpenes in the
cortical oleoresin, foliage, or air samples that could be attri-
buted to time or soil moisture levels. Alpha-pinene de-
creased, whereas camphene and j3-pinene increased, in the
oleoresin of the three-year-old seedlings as the soil dried.
Alpha-pinene averaged 13.85 percent in the oleoresin of
all 21 seedlings, but when seedling age was considered,
•
-pinene averaged 14.30 percent in the 14 two-year-old
seedlings and 12.94 percent in the 7 three-year-old seedlings
throughout the study period. Beta-pinene was higher in the
oleoresin samples from older seedlings (4.43 percent) than
from the younger seedlings (3.46 percent), while no pattern
could be detected for the other four monoterpenes.
DISCUSSION
The discrepancy between the number of monoterpenes
(five) found in the earlier study (3) and in this study (six)
can be explained in terms of experience and equipment. In
the earlier study, limonene and j3-phellandrene were being
chromatographed at almost the same time, and for this rea-
son /3-phellandrene was not detected. Adjustments were
made in the later study after it was learned that
j3-phellandrene was reported in loblolly pine oleoresin (6,8)
so that this monoterpene could be detected. In addition,
the sensitivity of the electronic integrator used in this study
enabled the operator to better detect (3-phellandrene.
Several investigators have found that the age of the
xylem tissue has little effect on the composition of oleo-
resin from pine trees (1,9). However, most reports indicate
that age does affect the composition of oleoresin in the
*A portion of this research was supported by funds from the Illinois Agricultural Experiment Station, Mclntire-Stennis Proj-
ect 55-324.
~ Professor, Department of Forestry
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Table 1. Average Monoterpene Concentration of Cortical Oleoresin at Different Sampling Periods for the Seven Older
Seedlings
Elapsed sam- Beta-
pling period Alpha-pinene* Camphene* Beta-pinene* Myrcene Limonene phellandrene
Days Percent
15.29 0.66 2.87 7.39 1.22 0.42
13 14.21 1.17 4.30 2.29 0.48 42.67
21 13.72 1.06 4.48 4.61 0.56 30.78
28 10.72 1.37 3.54 3.36 0.47 39.58
35 13.72 . . . 4.71 . . . 0.26 . .
42 11.32 . . . 5.67 . . . . . . . . .
49 11.68 5.41
* Difference between periods at the 5-percent level
cortical tissue (4,5,8). Rockwood (8) reported that
a-pinene decreased, and /3-pinene, myrcene, and
j3-phellandrene increased in loblolly pine oleoresin samples
as tissue aged. His results substantiate the findings of this
study that concentration of cortical monoterpenes changes
with tree age.
It appeared that as soil moisture decreased, .-pinene
increased in the foliage of the seven older seedlings. But
when the results were computed as a percentage of the total
monoterpenes, it was obvious that a concentration effect
was taking place. As the soil dried the needles became de-
hydrated, which in turn resulted in a computed higher con-
centration of monoterpenes. Variability in moisture con-
tent among groups of needles made it impossible to com-
pare the concentration of a monoterpene in the foliage of
one seedling to that of another seedling on a weight basis.
Seedling size did not permit taking additional needles dur-
ing each sampling period for oven-dry weight determina-
tions. Even if a large sample of needles were available so
that a subsample could be used for moisture determina-
tions, this might not give a good indication of the moisture
content of any one needle, as there is no evidence that the
moisture content will be the same in all needles on a pine
seedling.
It was concluded that no real differences exist among
the air samples. A number of factors could be responsible
for these results. One possibility is that photochemical
changes are taking place within the plastic bag that sur-
rounded the seedling. The bag was sealed for five days
before each sampling period and was exposed to rays of the
sun. Conditions could have been adequate for chemical con-
versions to take place during this period. It might have been
better to enclose part of the plant in a plastic bag for only a
short time before taking an air sample. A similar method
was used for sampling vapors of Douglas-fir foliage (7) and
white pine (2).
CONCLUSIONS
The probable cause or causes of these changes in
monoterpenes in the cortical oleoresin of young loblolly
pine seedlings have been summarized by Hodges and Lorio
(6) and more than likely result from an increase deg-
radation of resin acids and a disturbance of normal meta-
bolic processes with a relative change in monoterpenes. Re-
gardless of how these changes occur, this study demon-
strates that moisture stress and tree age affects
monoterpene composition in loblolly pine seedlings.
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EFFECT OF BEEF-CATTLE WASTE ON GERMINATION AND SURVIVAn$F4§}BLOLLY
(PINUS TAEDA L.) AND SHORTLEAF PINE (P. ECHINAT4. MILL.)'
i\\\GlS
M. Mcintosh and G.L. Rolfe 2
The common use of high-density beef cattle feedlots in
recent years has created an increasing problem of waste
disposal. Land application is currently the most widely used
waste disposal method (1). Forested watersheds have shown
potential in waste management because of the capacity of
extensive root systems of forests to absorb nutrients (2,3)
and the tolerance of older trees to contact with waste (2).
A study is underway at the Dixon Springs Agricultural
Center in Pope County, Illinois, to evaluate various crop
covers for maintaining the water quality of watersheds.
Loblolly and shortleaf pine are practical choices for a for-
ested watershed waste-disposal system in southern Illinois
because these species grow successfully on abandoned
fields, ameliorate soil conditions (4), and are of commercial
value (5). Also, loblolly pine has been found to control
runoff rates and sediment loads more effectively than crop-
land (6).
Although older trees are tolerant of waste application,
seedlings are more sensitive to adverse soil conditions (2).
Poultry waste application on a white pine (Pinus strobus L.)
stand increased seedling mortality but did not damage the
established trees (2). White (6) found that black spruce
(Picea marianna L.) trees were unharmed by urea applica-
tion although stand regeneration was inhibited. Adriano et
al. (7) found that cattle manure reduced germination in
several crop species because of high salt, high ammonia con-
tent, or both. A preliminary experiment with loblolly and
shortleaf pine showed that germination was completely
inhibited when seeds were planted in a soil containing 25
percent dried beef cattle waste (by weight).
The study reported here deals with the effect of beef
cattle waste on the germination and survival of shortleaf
£nd loblolly pine. This study is part of a larger investigation
being conducted on the potential use of forested water-
sheds as a land use alternative for waste management. The
specific purpose of this work was to investigate the regener-
ation potential of shortleaf and loblolly pine on waste-
treated soils.
METHODS
A greenhouse pot experiment was conducted in which
loblolly and shortleaf pine seeds were planted in four soil-
waste mixtures. The soil mixtures consisted of the 0-15 cm.
layer of Grantsburg silt loam (T^&q^Ca^iddaiTy'bbtained
near the Dixon Springs Agricultural Center in southern Illi-
nois and beef cattle waste collected from a concrete feedlot
in Champaign County, Illinois. The soil and waste were
air-dried, ground to pass through a 2-mm. sieve, and thor-
oughly mixed for use in the soil treatments. The four treat-
ments consisted of a control and 1 percent, 4 percent, and
15 percent dried waste additions by weight.
The experiments were conducted under greenhouse
conditions in which temperatures ranged from 18 C. to
38 C, photoperiod was kept at 12 hours by artificial light,
and the 6-inch plastic pots containing the seeds were
watered daily with uniform volumes of water. Germination
and survival counts were taken every third day for one
month following planting.
The experimental design was a split-plot with species
being the whole units and soil treatments being the sub-
units. Each pot containing 25 seeds was a sampling unit.
There were four replicates of each species per treatment.
The experiment was repeated three times and data com-
bined for statistical analysis by F test.
Soil-waste mixtures were analyzed for pH, total N,
NO3-N, exchangeable K, Ca, Mg, and P. Soil pH was deter-
mined for a 1:1 soil to water mixture using a Beckman pH
meter. Total N was determined by the macro-Kjehldahl
method (8). NO3-N was determined by the colormetric
phenoldisulfonic acid method as described by Bremner (9).
Ca, Mg, and K were extracted from 10-gram samples with
IN ammonium acetate (pH 7.0), and Ca, Mg, and K concen-
trations were determined in the extractions by atomic
absorption techniques. P was determined by the ascrobic
acid method (10).
RESULTS AND DISCUSSION
Dried beef cattle waste incorporated into Grantsburg
silt loam increased the soil nutrient status. The concentra-
tions of exchangeable Ca, Mg, K, P, total N, and NO3-N in
the soil treatments are shown in Figure 1. The concentration
of all nutrients analyzed except NO3-N was directly corre-
lated with the amount of waste in each treatment. The pH
values of the various soil treatments ranged from 4.5 to 4.6
and showed no significant difference from the control to
the waste treatments.
Research supported by the University of Illinois Agricultural Experiment Station, Mclntire-Stennis Project 55-345.
2 •Research Assistant and Associate Professor, respectively, Department of Forestry.
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Figure 1. Effect of livestock waste on the soil chemical characteristics of Grantsburg silt loam.
Wastes, in general, are extremely variable in chemical
composition (11). A nutrient analysis was therefore done to
quantify nutrients in the waste additions as well as to
characterize the initial soil nutrient pools.
Seed germination of loblolly and shortleaf pine was sig-
nificantly reduced (P^0.05) by waste additions (Figure 2).
Forty-five percent of the loblolly pine seed and 32 percent
of the shortleaf pine seed germinated in the control pots,
while germination percentages for seeds planted in the pots
treated with waste were as low as 9 percent. The average
germination for the waste treatments was 22 percent for
shortleaf pine and 29 percent for loblolly pine. The germi-
nation percentage of the two species was not significantly
different (P^0.05) nor was there any significant species x
soil interaction (P<0.05).
Adriano et al. (7) suggested that high salt content of
waste, high ammonia content, or both is responsible for the
germination reduction resulting from waste application.
However, it is questionable that under the conditions of
this experiment ammonia was an important factor in the
reduced germination. At temperatures of 35 C, which
were reached during several days in this experiment, 45
percent of the N has been found to volatilize in the form of
ammonia (12). Also, the toxic effects of ammonia depend
on pH; at a pH of 7 or lower, as was the case in all treat-
ments in this study, ammonia is present in the un-ionized
form, which is somewhat less toxic to seeds. If fresh waste
had been used, germination might have decreased more
than reported here because of the influence of ammonia.
However, dried waste was used in this study because it was
easier to apply and incorporate in a pot experiment and was
more uniform than fresh waste.
The major cause of poor germination, using dried waste,
may be attributed to the high salt content of the waste.
Sodium and K are primary waste constituents and serve to
create soil dispersion problems (13). The K level in the 15
percent waste treatment was 1,700 ppm, which is ex-
tremely high when compared with the recommended maxi-
mum level of 500 ppm K for greenhouse soils (14). The
high osmotic pressure of soils with high salt concentrations
restricts water absorption of seeds (14). Many crops are
particularly sensitive to salt during germination, while the
same plant may be quite tolerant of salt later in its growth
cycle (15).
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Figure 2. Effect of livestock waste additions on seed germination of loblolly and shortleaf pine. (All
soil treatments were significantly different from the control at the 5% level.)
In the high waste treatment seedling survival of both
species was reduced to 50 percent of the survival in the
control. Seedling mortality was negligible (98 to 100 per-
cent survival) in the control and in the soil treatments with
lower waste levels. Thus seedlings are less sensitive to waste
applications than germinating seed. Seedlings that did not
survive had stems rotted at the soil level, a sympton of
damping-off. Organic matter content of the soils with 15
percent waste was high (evidenced by the additional H2SO4
required for the digestion step in the Kjeldahl process), thus
providing favorable conditions for the damping-off fungus
(16).
layers in which germination occurs would also be the zone
of highest waste concentration in a system of surface
application. This problem might effectively prevent natural
regeneration of the stand. Replanting a harvested area with
seedlings may be more feasible for stand establishment,
since established seedlings are more tolerant of livestock
waste. However, if application conditions do not favor
ammonia volatilization, seedling mortality may be higher
because of ammonia toxicity, which has been demonstrated
with other types of waste (7). Field-plot studies to answer
many of these questions are underway.
CONCLUSIONS
It is evident from this study that shortleaf and loblolly
pine seeds are very sensitive to the addition of waste. Even
when the waste constituted only 1 percent of the soil by
weight, germination declined significantly (P<0.05). In a
preliminary study, germination was completely inhibited in
a 25 percent waste addition. The germination problems that
may arise on a forested area used for waste disposal should
be considered in a long-term waste utilization system. Soil
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THE CENTER OF GRAVITY AS AN INDICATOR OF PRODUCTIOrTHfkHBftflgY OF THE
THE CASE OF U.S. LUMBER PRODUCTION, 1869-1974
Paul S. Robinson and John F. Dwyer
In the course of its growth and development an indus-
try responds to a number of market and nonmarket forces
that influence its structure, conduct, performance, and lo-
cation. Shifts in the location of production are often signifi-
cant for regional economic development and are conse-
quently of interest to regional planners as well as industry
analysts. Trends in the location of production are often
presented in terms of the percentage of production that has
taken place in a state or region. The state with the most
production at a given time may also be identified.
Trends in the location of the U.S. population are often
presented in terms of the above criteria; in addition, the
center of gravity for the population is calculated by the
U.S. Bureau of the Census at 10-year intervals [1]. The
center of gravity for the U.S. population is defined as that
point at which an imaginary, flat, weightless, rigid map of
the United States would balance if identical weights, each
representing the location of one unit of population, were
placed on it.
A similar construction can be generated for the center
of gravity of production. While the center of gravity at any
point in time may not be a suitable indicator of the loca-
tion of production, particularly if production is widely scat-
tered, shifts in the center of gravity provide a useful indica-
tor of trends in the distribution of production.
To facilitate calculation of the center of gravity as a
measure of shifts in production, a Fortran IV program was
developed to compute the center of gravity for industrial
output (or any other phenomenon) that takes place in the
48 adjacent states. The program is based on two key as-
sumptions. The first is that the center of gravity for produc-
tion in each state is represented by the center of gravity of
that state. In other words, the center of gravity for produc-
tion is the point where an imaginary, flat, rigid, weightless
map of uniform density would balance. This assumption is
made necessary by the lack of sufficient data on the loca-
tion of production within each of the 48 adjacent states. If
more information is available on the distribution of produc-
tion, this assumption can be relaxed and additional centers
of production used.4 The sec^r/d assumption^ tfiaf the
earth is a true sphere, a very good approximation that sim-
plifies computation of the center of gravity.
The computer program contains all information neces-
sary for calculating the center of gravity for production,
provided that production values (which may be zero) for
each of the 48 adjacent states are entered. The program's
output includes the center of gravity of production for each
year that data were provided, and the degree of variation in
that determination.
THE CENTER OF GRAVITY FOR INDUSTRIAL PRODUCTION
The center of gravity for industrial production is the
weighted mean of the centers of gravity of the 48 adjacent
states. It is calculated by weighting the latitude and longi-
tude of each state's center of gravity by the amount of
production in the state.
The latitude of the center of gravity for production in
the United States is calculated with the following formula:
48
s (\v. x.)
48
i=l
!
where: X = latitude of the center of gravity for U.S. produc-
tion
W. = the production in state i
X- = latitude of the center of gravity for state i
Thus, the latitude of the center of gravity of each state
is multiplied by production in that state and the products
summed. The sum is then divided by the total production
in all states to obtain the latitude of the center of gravity
for production.
1
5
Graduate Student and Assistant Professor.
'Alaska and Hawaii were omitted from the calculation because their great distance from the other states would give them an
inordinately strong influence on the calculation.
a
This assumes that production is distributed in the state such that the center of gravity for production coincides with the
unweighted center of gravity for the state.
i
The U.S. Bureau of the Census uses the same assumption but bases its analysis on units much smaller than a state. For
example, the 1970 calculation was based on 250,000 areas [2]
.
A program listing can be obtained from the Department of Forestry, 211 Mumford Hall, University of Illinois at Urbana-
Champaign, Urbana, Illinois 61801.
The calculation of the longitude of the center of gravity
is more complex: Because of the convergence of lines of
longitude as they approach the poles, the distance measured
by 1 degree of longitude is not the same everywhere in the
United States. The distance is, however, a function of the
latitude where the measurement is taken. This variation is
corrected by using the cosine of the latitude. The longitude
of the center of gravity for production in the United States
can be calculated by the following formula:
48
_ 2 (W. L. cos X.)
L = i=l 1 ' 1
48
2 (W. cos X.)
where: L = the longitude of the center of gravity
L- = the longitude of the center of gravity for state i
W- and X. are defined above.
The center of gravity for each state was determined by
plotting descriptions developed by the U.S. Geodetic Sur-
vey on U.S.G.S. topographic maps (scale: 1/250,000) and
measuring the latitude and longitude of each center to the
nearest minute."
The center of gravity provides no indication of the dis-
persion of production over the 48 states. Consequently, an
index of variation is calculated as a measure of dispersion
about the center of gravity. Computed for both latitude
and longitude, it reflects the inherent variation in the loca-
tion of production and the variation related to levels of
production in each state. The index of variation is a prod-
uct of degrees (latitude or longitude) and units of produc-
tion. The number provides an index of changing variation
over time. The appropriate formulae for calculating the in-
dices of variation are as follows:
Index
of variation =
for latitude
Index
of variation =
for longitude
48 48
,
f=/
X
i
Wi)
2
-^ wi)l 2
48
47
48 48
[2 (Lj Wj cos X.)^ - [2 (Lj Wj cos Xj)]
i-1 i=l
48
47
APPLICATION TO U.S. SOFTWOOD LUMBER PRODUCTION
U.S. softwood lumber production has shifted markedly
in location, responding to changes in the distribution of
U.S. population and changes in the availability of timber. In
the early 1800's, the softwood lumber industry was center-
ed in New England. It subsequently followed settlement
westward to the Lake States and then moved to the exten-
sive softwood timber stands in the south and west.'
Table 1 and Figure 1 document the movement of soft-
wood lumber production in terms of its center of gravity.
In 1869 the center of gravity for U.S. softwood lumber
production was northwest Ohio. By 1974 the center of
gravity had made major shifts westward and slightly south-
ward to northwest Colorado (Fig. 1). The westward move-
ment was particularly strong during the period 1899-1930
but has slowed appreciably since that time. During the dec-
ade 1964-1974, there were both eastward and westward
movements in the center of gravity. The southward move-
ment, which was far less significant than the westward
movement, was strongest during the period 1889-1910;
however, this appears to have been nearly offset by north-
ward movement during the period 1910-1954.
Shifts in the center of gravity are perhaps most easily
interpreted in terms of miles per year. Table 2 documents
the average annual movement over the intervals studied.
Table 1. Center of Gravity
Production
for U.S. Softwood Lumber
Year
Latitude
(N)
Index of
variation
Longitude
(W)
Index of
variation3
1869
1879
1889
1899
1904
1910
1920
1930
1940
1947
1954
1958
1963
1964
1967
1970
1971
1972
1973
1974
41 38'
41° 31'
41° 21'
39° 42'
39° 00'
38° 34'
39° 46'
40° 02'
39° 22'
39° 45'
40° 29'
40° 28'
40° 44'
40° 38'
40° 32'
40° 07'
40° 11'
40° 08'
40° 18'
40° 33'
16 84" 35' 22
26 85° 51' 36
33 89° 13' 48
29 89° 49' 46
28 92° 17' 52
36 95° 10' 71
43 101° 54' 81
44 104° 15' 81
46 102° 47' 88
53 104° 10' 106
64 108° 01' 132
58 108° 20' 122
58 108° 48' 119
64 109° 05' \
43' '
131
59 108° 122
53 107° 48' 111
59 107° 57' 122
62 108° 06' 128
63 108° 13' 131
58 107° 58' 117
Thousands of units.
The coordinates of each state's center of gravity are an integral part of the Fortran program and are available from the
authors.
Data on softwood and hardwood lumber production were obtained from U.S. Forest Service and U.S. Bureau of the Census
sources.
-3-
S$ 1930
M974
I95(
.1920
1940
I9K
• - Softwood Lumber Production
*- Hardwood Lumber Production
Figure 1. Center of gravity of U.S. lumber production.
Table 2. Cardinal Movements of the Center of Gravity of
U.S. Softwood Lumber Production by Period,
1869-1974
Period North' South' East 1 West 1
(Average miles per year)
1869-1879 .8
1879-1889 1.2
1889-1899 11.3
1899-1910 7.8
1910-1920 8.2
1920-1930 1.9
1930-1940 4.6
1940-1954 5.5
1954-1964 1.0
1964-1974 .5
7.8
5.8
6.5
17.6
3.2
28.7
36.1
12.5
19.9
5.6
ANorth and south distances were calculated by multiplying
the change in latitude (degrees) by 68.94 miles.
East and west distances were calculated by multiplying the
change in longitude (degrees) by 69.17 miles and
multiplying the result by the cosine of the latitude.
The above conversion factors are based on a polar radius of
3,949.99 miles and equatorial radius of 3,963.34 miles [3].
APPLICATION TO U.S. HARDWOOD LUMBER PRODUCTION
The U.S. hardwood lumber production presents a dis-
tinctly different pattern of shifts in production. The center
of hardwood production has remained in the east-central
United States, primarily because hardwood timber re-
sources are concentrated in that area.
Table 3 and Figure 1 document the movement of hard-
wood lumber production in terms of the center of gravity
of production. In 1869 the center of gravity for hardwobd
lumber production was located in west-central Ohio, not far
from the center of softwood production at that time. By
1974 the center of gravity had shifted southward and slight-
ly westward to western Kentucky.
The southward movement in the center of gravity for
hardwood production, which was strongest during the peri-
od 1889-1930, has been offset in part by a northward
movement since 1954. There was a slight westward move-
ment in the center of gravity before 1930, but since then
there has been a slight eastward movement. Table 4 docu-
ments the average annual movement of the center of gravity
in terms of miles per year over the intervals studied.
The dispersion around the center of gravity for hard-
wood lumber production has not changed markedly over
the period 1869-1974. This is another distinctive difference
between hardwood and softwood lumber production.
SUMMARY
The trend in the location of the center of gravity for
industrial production in the United States has been present-
ed as an indicator of shifts in the location of production. A
computer program has been developed that can calculate
the center of gravity for production in the 48 adjacent
states (expressed as latitude and longitude), provided that
production values for each of the states are entered. The
program also calculates an index of variation to reflect dis-
persion around the center of gravity.
The computer program was used to examine trends in
U.S. softwood and hardwood lumber production during the
Table 3. Center of Gravity for U.S. Hardwood Lumber
Production
Year
Latitude
(N)
Index of
variation3
Longitude
m
1869
1879
1889
1899
1904
1910
1920
1930
1940
1947
1954
1958
1963
1964
1967
1970
1971
1972
1973
1974
40 35'
40° 15'
40° 22'
39° 20'
38° 48'
38° 46'
37° 59'
37° 24'
37° 42'
37° 10'
36° 57'
37° 09'
37° 09'
37° 19'
37° 28'
37° 36'
37° 41"
37° 44'
37° 52'
37° 52'
6
8
11
11
8
10
8
6
5
7
6
5
6
6
6
6
6
6
6
6
84° 10'
84° 05'
84° 28'
85° 06'
85° 11'
84° 47'
85° 27'
86° 02'
85° 26'
85° 57'
85° 31'
85° 50'
85° 30'
85° 50'
85° 41'
85° 13'
85 17*
85° 16'
85° 10'
85° 21'
Index of
variation2
9
12
16
19
14
17
14
11
9
13
12
10
12
11
12
1
1
1
1
1
Table 4. Cardinal Movements of the Center of Gravity of
U.S. Hardwood Lumber Production by Period,
1869-1974 a
Period North South East West
1869-
1879-
1889-
1899-
1910-
1920-
1930-
1940-
1954-
1964-
1879
1889
1899
1910
1920
1930
1940
1954
1964
1974
(Average miles per year)
2.3
.8
7.1
3.9
5.4
4.0
2.1
2.6
3.8
3.7
1.7
3.4
2.7
2.1
3.4
3.6
3.2
.4
1.8
Thousands of units.
See footnotes to Table 2 for explanation of calculations.
period 1869-1974. During that time the center of gravity
for U.S. softwood lumber production moved from north-
west Ohio to northwest Colorado, and dispersion around
the center of gravity increased markedly. U.S. hardwood
lumber production showed less movement. Its center of
gravity was in west-central Ohio in 1 869 and had moved to
western Kentucky by 1974. Dispersion around the center
of gravity for hardwood production showed little increase
over time.
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R.W. Zimmerman, G.L. Rolfe, and L.E. Arnold2
As part of the Feedlot-Watershed Study (Zimmerman et
al., 1974) at the Dixon Springs Agricultural Central, soil-
moisture levels and tree growth were monitored during the
1975 and 1976 growing seasons to establish baseline data
before application of feedlot runoff to the study area. This
is a preliminary report of the results of the baseline study
period and should not be considered conclusive. The water-
shed involved is a dry site oak-hickory stand. Oak-hickory is
widely distributed throughout the central hardwoods region
but has been little studied because of its generally low pro-
ductivity and low present economic importance.
The two dominant species on the site are hickory
(Carya spp.) and post oak (Quercus stellata Wangenh). In-
cluded in the 72 sample trees are 26 hickories, with an
average diameter of 14.5 centimeters (cm) and an average
height of 11.9 meters (m), and 21 post oaks, with an aver-
age diameter of 23.9 cm and an average height of 14.8 m.
Radial growth increments of 72 trees, representing a
cross-section of the stand, were monitored by a Mahr mi-
crodendrometer, a sensitive dial indicator. This instrument,
when in contact with the cambial layer, measures the ex-
pansions and contractions as a result of growth or water
stress at a particular point on the tree. Microdendrometer
readings were taken on a uniform weekly basis.
Soil moisture was monitored throughout the 0.5-
hectare watershed at eight soil moisture-temperature
stations. At each station a terminal box was connected to a
set of Coleman soil-moisture wafers placed at various
depths throughout the soil profile. Six of the stations had
four wafers per station at depths of 0, 5.1, 15.2, and 45.7
cm. Two locations had six wafers per station at depths of 0,
5.1, 15.2, 45.7, 61.0, and 91.4 cm. Weekly readings were
taken at each of these stations with a Beckman model 300
resistance meter.
Each wafer has a thermistor to establish temperature,
which is necessary for calibrating the moisture reading. The
resistance between two metallic mesh layers within the
wafer is measured and the log of resistance determined. The
relationship between the log of resistance and soil moisture
is linear, except under very dry conditions when it is slight-
ly curvilinear. The relationship was assumed linear over the
entire range of soil moisture for this preliminary report.
Additional soil-moisture measurements must be taken to
establish the curvilinear portion of the relationship. Data
from the cm depth are not presented in this report be-
cause the litter layer above the wafers was not stabilized
sufficiently for accurate measurements.
Southern Illinois generally experiences more annual
rainfall than northern Illinois but usually has a more dis-
tinct drought period during the summer months, when the
evaporation potential is at its peak and rainfall is minimal.
The 33-year average annual rainfall is 119.1 cm. Rainfall in
1975 was higher than average (144.9 cm) and in 1976 was
lower (91.1 cm). Average monthly precipitation data for
1975 and 1976 are shown in Figure 1.
Soil characteristics of this area are not considered desir-
able for optimum plant growth. The soils are predominately
shallow to either fragipan or bedrock and are easily erod-
able. The soil-moisture reserves of these soils consequently
are low and are unable to support optimum biomass pro-
duction unless replenished regularly from precipitation.
The 1975 and 1976 growing seasons are diverse in terms
of precipitation patterns and thus also in terms of soil-
moisture levels (see Figures 1 and 2). Because soil moisture
is the normal limiting factor to growth in southern Illinois
forests, we expect tree growth to be greatly dependent on
soil-moisture levels. Hardwood species in southern Illinois
usually begin growth in early to mid-April, depending on
temperature fluctuations during early spring. For both
1975 and 1976, soil-moisture levels during April were ap-
proximately 21 to 24 percent of field capacity in the root
zone, which indicates that soil moisture was initially op-
timum for tree growth. The growth curves for both species
reflect this adequate moisture situation (Figures 3 and 4).
Large differences in soil-moisture levels occurred in July
and August, when, because of abnormally high precipi-
tation, 1975 surface-moisture levels began to increase and
subsurface levels were leveling off. During the same period
in 1976, the soil-moisture levels continued to drop because
of the low precipitation input. As a result, in 1976 the
lowest soil-moisture levels were 2 to 8 percent lower, de-
pending on depth, than in 1975 and remained lower for
longer periods of time.
Figure 1. Average monthly precipitation for 1975 and
1976.
1 Supported by Mclntire-Stennis Project 55-345.
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Figure 2. Soil-moisture levels for surface and subsurface layers in 1975 and 1976.
Several features of the growth curves (Figures 3 and 4)
deserve mention. In 1975 the rates and magnitudes of
growth curves for both hickory and post oak were very
similar. In 1976, the soil moisture was slightly higher
through July than in 1975, and the hickory curve indicates
a greater growth response than the post oak curve. During
August, 1976, the reduced soil moisture induced a period
of larger water tensions within the trees. The hickory re-
sponse, however, is shown with a negatively sloping growth
curve, which implies that the boles of the trees were shrink-
ing because of the increased water tension that resulted
from the decreased soil moisture. The post oaks displayed
only slight responses to moisture stress in terms of radial
shrink during the same period. Although the hickories re-
sponded more than the post oaks during 1975, the hick-
ories showed a slight radial growth advantage over the post F«g"re 4. Radial growth for post oak and hickory in 1976.
oaks during the fall of 1976 when moisture tensions were
reduced. In 1975, a year of less extremes in soil moisture,
post oak was the better-growing species. It must be remem-
bered that the post oaks are larger in average diameter so a
1
-millimeter increase for them means more biomass produc-
tion than does the same increase in the smaller hickories.
There is a strong indication that hickory was more re-
sponsive than post oak to changes in soil moisture, especi-
ally under extreme moisture stresses, in this particular
stand. Curves for both species were similar for above-
average soil moisture (1975), but under moisture stress
hickory showed a greater magnitude ofresponse than post oak.
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Figure 3. Radial growth for post oak and hickory in 1975.
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Computer simulation models can be valuable teaching
aids in university and college instruction [Bare, 1971] . Over
ihe last several years, a number of computer simulation
models have been developed at the University of Illinois
[Pelz, 1976]. The Illinois Forest Management Game
(IFMAG) was developed for use in two senior-level courses
in forest management: Decision Models in Forestry and
Forest Resource Management.
The game may be used to simulate forest management
decisions on several levels: (1) long-term planning aspects
can be simulated in setting the allowable timber-cutting
policies; (2) medium-term decisions, in setting timber-
management policies (thinning rules and the like); and
(3) short-term aspects, in determining the compartments to
harvest during any period.
In many cases, students will benefit most from the use
of the simulator if they have an opportunity to access the
model at all levels sequentially. With the first run, for ex-
ample, they could be asked to determine an appropriate
regulation method (such as area or volume regulation) for a
given set of objectives. In subsequent runs, they can translate
long-term considerations into medium- and short-term man-
agement decisions, and also test the effects of these deci-
sions on the entire forest.
The model was designed for maximum flexibility of
use and for easy access. Alternate game rules may be set.
The instructor selects the rules that are most consistent
with the course objectives. The game may be played indi-
vidually or by teams. Access is via punch cards or by using
an interactive terminal.
No tapes, disks, or other peripheral devices are needed,
keeping the operation simple. Minimum turn-around time
and processing costs are involved. The simulator can be
used with different input data sets. The management of
different forest types can be simulated with only minor
programming changes.
The game is operable on an IBM 360 and a CDC
CYBER 175, the source program is written in FORTRAN
IV. Copies of the program listing and the program deck can
be obtained from the author.
In the following sections, the main aspects of the model
are described, the input variables are specified, and an ex-
ample is shown.
DESCRIPTION OF THE PROGRAM
The simulation model consists of one main program
and 14 subroutines. Six subprograms simulate management
activities, two simulate natural catastrophies, one simu-
lates stand growth, two subprograms generate random vari-
ables, and three generate graphs for age class and volume
distributions.
The number of compartments and the number of
species are variable, limited only by the capacity of the
computer being used. Only minor changes are necessary to
increase the number of compartments or number of species
that can be processed, i.e., only the DIMENSION statements
have to be changed. All DO-loop parameters are variable.
Main program. The main program performs the input-
output functions and controls the various subroutines.
Every year during the simulation run, the subroutines FIRE,
STORM, FERT, PRETH, and THINM are called. Once
every period (with the length specified by the user), the
subroutine HARVE is called. All management activities are
performed on an annual basis. Harvesting operations are
performed on a periodic basis.
Every year, financial variables are generated from prob-
ability distributions with a specified mean, variance, and
range. All financial variables are allowed to increase each
year to account for inflation. The rate of increase is specified
by the user.
The program initializes stand vectors at age 30. The
average stand diameter, stand height, and number of trees
are assigned to a forest stand according to site index and
species. All stands below age 30 have zero stand vectors.
The simulator calculates the costs and revenues for the
specified periods. The calculations are performed on a pre-
tax basis. Land taxes and income taxes are computed sepa-
rately and then subtracted from total revenues, yielding
after-tax revenues.
l The development of the simulation model was partly supported by funds from the Mclntire-Stennis Project 55-314, Illinois
Agricultural Experiment Station.
2Assistant Professor of Forest Biometrics, Department of Forestry.
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Each year, the total costs for various activities are
compared with the specified budgets for these activities.
The game allows for deficit spending during any period;
but a message is printed out if the costs for any activity,
such as harvesting, exceed the allocated budget.
Every other period, the age-class and volume-
distribution graphs are generated so the effects of the man-
agement decisions on the structure of the forest can be
assessed. At the end of the planning period, the present net
worth of all revenues and the value of the standing timber
are calculated and displayed.
Subroutine FIRE. This subroutine simulates the occur-
rence of forest fires. The probability of fire per unit of area
and the probability distribution of the area burnt are speci-
fied as inputs for each species. Fire occurrence and the ex-
tent of damage are generated at random each year for all
forest stands. The response to fires depends on the severity
of each simulated occurrence. Damage of less than 20 per-
cent will not result in any action. When the damage is be-
tween 20 and 40 percent, the stand will be regenerated if
the age of the stand is less than 20 years. Damage between
40 and 60 percent will lead to a subdivision of the compart-
ment into two parts—one covering the burnt area, on which
a new stand will be established, and the other containing
the undamaged portion of the original stand. Damage that
is greater than 80 percent will result in the entire compart-
ment being clear cut.
Only one fire can originate in a given stand during one
year. However, a fire can spread over several compartments.
Fire statistics are printed for every period.
Subroutine STORM. Each year, storm occurrence is
simulated in a random fashion. The probability of storm
occurrence per year is an input variable. The conditional
probability of storm damage, given the occurrence of a
storm, is specified according to the height of the stand and
the species in it.
Storm damage is defined as destruction of parts of the
stand. The probability distribution of damage is specified
during input. IFMAG assumes that the damage is concen-
trated in one contiguous area, i.e., if the storm damage
equals 20 percent, the timber on 20 percent of the area
will be damaged. Timber that is damaged by the simulated
storm will be salvaged; 80 percent of the affected volume is
assumed to be salvageable.
The management response to storm damage depends
on the severity of the occurrence. Damage of less than 20
percent will not result in any action. Damage of 20 to 80
percent will lead to the regeneration of the damaged por-
tion. When the damage is 80 percent or higher, the entire
stand will be clear cut and reestablished.
Subroutine FERT. Entire compartments or one species
component of a compartment can be fertilized. The pro-
gram sets some restrictions, such as age limitations. Stands
may only be fertilized if they are less than 70 years old.
The area treated during one year has to be less than 10 per-
cent of the total forest area in order to attain steady-state
conditions. Any given forest stand will be fertilized no
oftener than once every 10 years.
The effect of fertilization is a growth increase of the
stand, starting 2 years after the operation and decreasing
each year for 10 years. At that time, the stand growth will
be at its normal rate.
Subroutine PRETH. Precommercial thinnings can be
performed in stands that are less than 30 years old. The
program restricts the total area thinned in one year to 10
percent of the total area for each species, in order to attain
steady -state conditions rapidly. Otherwise, all stands below
age 30 would be thinned during the first year. Precommer-
cial thinning operations may be repeated after 10 or more
years for any given stand.
The effect of precommercial thinning is an increase in
initial volume at age 30.
Subroutine THINM. Commercial thinning operations
can be performed during any year. The user specifies the
stand age at which the thinning is to be performed, the
thinning intensity, and the minimal basal area below which
no thinning operations are to be performed.
The effect of thinning is a growth increase of the resid-
ual stand. The amount of the increase is generated at ran-
dom by the simulation model. Thinning volumes and net
revenues are calculated for each thinning operation.
Subroutine HARVE. Harvesting operations can be per-
formed at the beginning of every period. The compartment
areas to be harvested can be selected either by card input or
by area regulation or volume regulation performed by
IFMAG.
For card input, two options are available: area input
and volume input. For area input, the compartment identi-
fication, species code, and the area to be harvested in acres
(or hectares) are required; for volume input, the compart-
ment identification, species code, and the volume to be
harvested in cubic feet (or cubic meters).
For area and volume regulation, the area or volume to
be harvested is specified for each species. The program
selects the compartments to be harvested. The highest
priority for cutting is given to the oldest stands, which are
scheduled to be cut first.
If only part of the compartment or stand is to be har-
vested, a new compartment will be generated. The new
compartment will comprise the harvested part of the orig-
inal stand. Then, the original compartment area is reduced to
include only the residual stand.
The user may specify the allowable cut for the multi-
year periods in terms of area or volume, and can test the
outcome for a particular set of figures. If the overall man-
agement objectives are not met, the allowable cut can be
changed and the analysis rerun. The initial allowable cut may
be calculated by traditional regulatory methods, such as
those developed by von Mantel and Hanzlik [Davis, 1966]
,
or by optimization techniques like linear programming.
IFMAG determines the compartments to be harvested,
calculates the harvest volumes and revenues, and simulates
the site preparation and subsequent regeneration of the areas
harvested.
Subroutine SITE. Site preparation is performed after
harvesting operations, storm damage, or fire damage and
before stand regeneration. Three levels of site preparation
can be chosen: intensive, medium, and zero.
The effect of site preparation is an increase in the suc-
cess rate of the regeneration efforts. Intensive site prepara-
tion increases the rate 10 percent; medium site preparation,
5 percent. The response to site preparation is assumed to be
equal for all sites.
Subroutine REGN. This routine simulates the establish-
ment of stands that have been harvested, burnt, or blown
down. Artificial and natural regeneration are available. In
both cases, the regeneration is assumed to be completed if
a cumulative success rate of 80 percent is achieved. Regen-
eration success is a random variable generated from a trun-
cated normal distribution, with a mean of 0.8 for artificial
regeneration and 0.7 for natural regeneration. If the regen-
eration success is less than 80 percent, the regeneration
work will be repeated one year later until the cumulative
success rate equals or exceeds 80 percent. Natural regenera-
tion can be repeated for five years, after which the remain-
der is regenerated artificially. The species composition will
not be changed by regeneration.
Subroutine GROWTH. The development of individual
stand characteristics over time is simulated by this subrou-
tine. The changes in the average diameter of the stand
height and number of trees are predicted by separate regres-
sion equations for each species. To these predicted values, a
random effect is added in order to recognize the probabilis-
tic nature of forest growth.
These randomly generated growth values are adjusted
for the effects of thinnings and fertilizations. Then, they
are used to calculate the amount of the stand's growth and
to update the stand vector.
The growth functions used by the simulation model are
specific for the test example. For other applications, they
can easily be replaced.
Subroutine AGECL. The age class and volume distribu-
tions are calculated for the beginning of the simulation
period and for the end of every other period. Ten age classes
are defined, from zero to 90 years and over. The volume
per 1,000 cubic feet and the areas are calculated for each
age class and species.
Subroutine GRAPHS. Age-class and volume distribu-
tions are displayed in histogram form by this subroutine.
The vertical axes are self-scaling, showing volume per 1 ,000
cubic feet and area per 100 acres, respectively.
Subroutine PLOTS. The histograms for age-class distri-
butions are generated. The symbols + and * are assigned to
an array. The first indicates the axis; the second, the limits
of the histograms.
Subroutine NORM. Random variables from a truncated
normal distribution are generated by this subroutine. The
range of the normal distribution is — °° to + °°, which is
unrealistic in most simulations of natural events. Therefore,
the range in IFMAG is limited by truncating the distribu-
tion at both ends. The parameters for the truncated normal
distribution are the mean, the standard deviation, and the
upper and lower limits.
Subroutine RAND. This subroutine generates pseudo
random numbers between and 1, i.e., uniformly dis-
tributed random variables. The random number "seed" has
to be specified.
This routine has to be changed for computers with dif-
ferent word lengths. The RAND routine can be deleted if
the computer has a built-in random number function.
Function MAX. This routine determines the maximum
value of the age-class distribution, permitting the histogram
to be self-scaling.
INPUT
Input data for IFMAG are separated into four sets:
(1) forest data; (2) storm and fire probabilities; (3) financial
variables; and (4) management-decision variables.
Forest Input Data. The program can accommodate
many species and compartments, the number being limited
only by the storage capacity of the computer used. The
present application considers only two species. If the num-
ber of species needs to be increased, the only program alter-
ations necessary are changes of the DIMENSION statements.
All DO-loop parameters are variable.
For every compartment, the following information has
to be provided for each species: age in years, volume per
unit of area, the average diameter of the stand, average
stand height, number of trees per unit of area, site index,
stand size, average skidding distance, and average trucking
distance. See the detailed input instructions given later.
Fire and storm probabilities. The probability of the
simulated fire occurrence, the probability distribution of
the acreage burnt, and the probability distribution of the
damage must be specified as inputs. The number of classes
for the discrete distribution is variable. For simulating
storms, the probability of storm occurrence, critical stand
heights, the probability distribution of the storm affecting a
stand (conditional on stand height), and the probability
distribution of damage given a storm occurrence have to be
specified as inputs. The probability distributions may vary
for different species. Data from the national fire statistics
are used in the test problem [Wildlife Statistics, 1971].
Financial variables. The prices per volume unit by
diameter class and cost variables are specified as inputs for
each species separately. Harvesting and thinning costs per
unit of volume are in the form C = bo + b\/ DBH*, with
the values of bo and b\ inputted. Skidding and trucking
costs per unit of distance are C = bo + bi • D; bo and bi
are specified as inputs. The costs of site preparation, regen-
eration, and fertilization are calculated per unit of area. The
interest rate for discounting future costs and revenues and
the average price and cost increase per year are additional
financial-input variables.
Management- decision variables. This set of variables
includes all of the decision variables. Dichotomous variables
are used for cases where an activity may either be performed
completely or not at all, such as in fertilization, artificial
regeneration, and commercial and precommercial thinnings.
If commercial thinnings are performed, the thinning age,
thinning percentage, and minimal basal area are specified in
addition. Three alternatives are available for harvests:
(1) area regulation over the planning horizon; (2) volume
regulation; and (3) inputs for compartments identification
and the areas or volumes that should be harvested.
Input sequence and format. Input variables are arranged
to provide maximum flexibility for the game administrator
in rearranging input data, i.e., each input card contains only
one variable or one set of variables. The game objectives
will determine which input variables should be changed dur-
ing every run and which ones should be fixed. Read state-
ments and the corresponding input cards can be rearranged
to meet these objectives easily. The input variables are de-
fined in Table 1
.
(1) Number of species NSPEC (12)
(2) Species name SPEC (3A4)
(3) Number of compartments (14)
(4) Age A, volume V, diameter DBH, height H, number of trees
NTR, site index IND, stand area ACR, skidding distance
SKID, trucking distance TRUK (2F10.2, F6.2, F10.2, 2(14,
IX), 3F10.2)
(5) Probability of fire occurrence PFI (F10.6)
(6) Number of fire damage class NFE, probability of fire damage
PF(I3, 10F7.4)
(7) Area classes for fire damage NRF (8F10.2)
(8) Probability of storm occurrence STP (F10.6)
(9) Number of critical height classes NWJ, critical height classes
PST(I3, 10F7.2)
10) Probability of storm damage PRS (10F6.3)
11) Probability distribution of storm damage STDA (4F5.2)
12) Number of price classes NCJ, price per volume unit by diam-
eter class, STPR (12, 3X, 10F6.3)
13) Diameter class limits for price calculation DC (10F5.2)
14) Harvesting cost coefficients HB1 and HACO (F7.4, F6.3)
15) Thinning cost coefficients TBI and TCO (F7.4, F6.3)
16) Skidding cost coefficients SDC, SKB and Trucking cost co-
efficients TRC, TRB (2F7.5, 2X, 2F6.4)
17) Site preparation costs per area unit CSP (3F5.0)
18) Regeneration costs per area unit RECO (F5.2, 2X, F5.2)
19) Fertilization costs FCO (F6.2, 2X, F5.2)
20) Precommercial thinning costs THC (2F5.2)
21) Interest rate ZINS (F6.3)
22) Average cost increase per year ZST, average price increase per
yearDST(2F5.2)
23) MillagerateSMILL(F6.3)
24) Administration costs per area unit AK (F8.4)
25) Number of thinning operations LI (13)
26) Thinning age THA, thinning percent THPR, minimal basal
area BAR [F3.0, 2(2X, F5.2)]
(25) and (26) are repeated for each species
(27) Site preparation index ISP (212)
ISP = no site preparation
(28)
(29)
(30)
(31)
(32)
= 1 medium site preparation
= 2 intensive site preparation
for each species
Fertilization index MFE (12)
MFE = no fertilization
= 1 fertilization
Regeneration success for artificial regeneration REGS1, re-
generation success for natural regeneration REGS2, regenera-
tion index REGI (2F5.2), IX, F4.0)
REGI = natural regeneration
= 1 artificial regeneration
(repeated for each species)
Precommercial thinning index ITH (13)
ITH = no precommercial thinning
= 1 precommercial thinning
(repeated for each species)
Random number seed IX (16)
Budgets for management activities per period
32-1 Harvesting budget BUH(15F5.0)
32-2 Thinning budget BUT (15F5.0)
32-3 Precommercial thinning budget BUP (15F5.0)
32-4 Regeneration budget BUR (15F5.0)
32-5 Site preparation budget BUS (15F5.0)
32-6 Fertilization budget BUF (15F5.0)
User's name NAME, course identification ICLAS, date
IDATE (5A4, 4A4.4A4)
Planning horizon IJ length of periods IJP (212)
IJ = 99 terminates the run
Harvesting index IREQ (12)
IREQ = harvesting operations are specified as input:
(34-1) Number of operations in period NIRJ,
input specification INDEX (212)
INDEX = area input
= 1 volume input
Species IL1, Compartment IR1, and area
or volume Fl to harvest (12, IX, 12, 4X,
F10.2)
(1 card per harvesting operation)
IREQ = 1 harvests are determined by the simulator — area
regulation
= 2 volume regulation
(34-1) Area to harvest per period AREA or vol-
ume to harvest per period VOLUM
(2F10.2)
A blank card indicates the end of a data set.
Multiple data sets can be processed with one run. The pro-
gram cycles back to input set (33). All input variables are
reset to their original values after each run.
(33)
(34)
(35)
(34-2)
Table 1. Input Variables
Variable Dimension Description
A
ACR
AK
AREA
BAR
BUF
BUH
2,100
2,100
1
2
2,10
1
1
Age
Stand area
Administration costs per area unit
Area to harvest per period for area regulation
Minimal basal area for thinning
Fertilization budget
Harvesting budget
cont'd
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Table 1. Continued
Variable Dimension Description
BUP
BUR
BUS
BUT
CSP
DBH
DC
DST
FCO
Fl
H
HACO
HB1
U
UP
IL1
IND
INDEX
4REQ
IR1
ISP
ITH
IX
LI
MFE
NAME
NCJ
NFE
NIRJ
NOP
NRF
NSPEC
NTR
NWJ
PF
PFI
PRS
PST
RECO
REGI
REGS1
REGS 2
SCD
SKB
SKID
SMILL
SPEC
STDA
STP
STRP
TBI
TCO
THA
1
1
1
1
3
2,100
2,10
1
1
20
2,100
2
2
1
1
20
2,100
1
1
20
3
2
1
1
1
5
1
1
1
1
10
1
2,100
1
10
1
2,10
2,10
2
2
2
2
2
2
100
1
3,2
2,5
1
2,10
2
2
2,10
Precommercial thinning budget
Regeneration budget
Site preparation budget
Thinning budget
Site preparation costs
Average stand diameter
Diameter class for price determination
Average price increase per year
Fertilization costs
Area or volume to harvest
Average stand height
Harvesting cost coefficient bo
Harvesting cost coefficient b\
Planning time
Number of years per period
Species identification for harvests
Site index
Harvesting index (area or volume input)
Harvesting index
Compartment identification for harvests
Site preparation level
Precommercial thinning indicator
Random number seed
Number of thinning operations
Fertilization indicator
User name
Number of price classes
Number of fire damage classes
Number of harvesting operations during period
Number of compartments
Area classes for fire damage
Number of species
Number of trees per area unit
Number of critical height classes for storm input
Probability of fire damage
Probability of fire occurrence
Probability of storm affecting stand
Critical stand height for storm damage
Costs of artificial regeneration
Regeneration indicator
Regeneration success for artificial regeneration
Regeneration success for natural regeneration
Skidding cost coefficient
Skidding cost coefficient
Average skidding distance
Millage rate
Species
Probability distribution of storm damage
Probability of storm occurrence
Price per volume unit by diameter class
Thinning cost coefficient
Thinning cost coefficient
Thinning age
cont'd
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Table 1. Continued
Variable Dimension Description
THC 2
THPR 2,10
TRB 2
TRC 2
TRUK 100
V 2,100
VOLUM 2
ZINS 1
ZST 1
OUTPUT
Precommercial thinning costs
Thinning percent
Trucking cost coefficient
Trucking cost coefficient
Average trucking distance
Volume per acre unit
Volume to harvest per period for volume regulation
Interest rate
Average cost increase per year
At the end of each period, IFMAG outputs summaries
of all management activities performed and their financial
results.
The areas that are site-prepared, regenerated, precom-
mercially thinned, and fertilized as well as the timber vol-
umes from thinnings, final harvests, fire salvage, and storm
salvage are displayed. The costs for these activities and the
revenues generated are calculated for each species and for
the whole forest. During a class, if exercise budgets for cer-
tain activities were set, the performance can be checked.
Total revenues are calculated before and after taxes.
At the end of every second period, the age -class distri-
bution is calculated and is displayed by 10-year age classes
in table form and as a histogram for each species. Fire and
storm statistics are summarized at the end of every other
period.
At the end of the planning period, the discounted
present net worth of all revenues and the present net worth
of the standing timber are calculated and displayed. The
output variables are defined in Table 2.
Table 2. Output Variables
Variable Dimension Description
ANCO
DEFF
DEFHA
DEFPT
DEFR
DEFSP
DEFTH
FEAC
FIRK1
FIRRV1
FRK
HAK
HARE1
PCA
PCK
PNAW
PNTW
PRAT
PRBT
REGAC
REK
RVNET1
SiAC
SPK
STK1
STRV1
2
2
2
2
2
2
2
2
1
1
1
1
2
2
2
2
2
2
2
Total costs
Fertilization budget
Harvesting budget
Procommercial thinning budget
Regeneration budget
Site preparation budget
Thinning budget
Area fertilized
Fire salvage costs
Fire salvage revenues
Fertilization costs
Harvesting costs
Harvesting revenues
Area of precommercial thinning
Precommercial thinning costs
Present net worth of income after taxes
Present net worth of income before taxes
Total income after taxes
Total income before taxes
Area regenerated
Regeneration costs
Total revenues per species
Area site prepared
Site preparation costs
Storm salvage costs
Storm salvage revenues
cont'd
Table 2. Continued
Variable Dimension Description
STTAX
SVOL
TAX
THK
THRE
THVOL
TOTK1
TOTR1
1
2
1
2
2
2
2
2
State tax
Harvesting volume
Federal income tax
Thinning costs
Thinning revenues
Thinning volume
Total costs per species
Total revenues per species
TEST PROBLEM
The forest management simulator was applied to a
hypothetical forest of 47,264 acres, composed of Douglas
fir and western hemlock. Fifty compartments were defined
to which the species mix, acreage, skidding distance, and
hauling distance were assigned at random. The species mix
for each compartment ranges from to 100 percent; the
compartment areas, from 10 to 1,000 acres; skidding dis-
tances, from 10 to 700 feet; and trucking distances, from
to 30 miles. The age of the stand and other stand character-
istics such as average stand diameter, average stand height,
number of trees per acre, and volume were assigned to each
compartment.
For simulating the growth of the two species, functions
had to be derived for predicting the annual growth of the
average stand diameter and height, and for predicting the
changes in the number of trees. The growth functions used
are based on yield tables [McArdle, 1949; Barnes, 1962].
These yield tables were compiled for even-aged stands;
therefore, they will not represent the development of
mixed stands with high accuracy. However, for illustrative
purposes, the accuracy of these functions was deemed to be
sufficient. The main emphasis was placed on the long-term
behavior of these functions. They were tested for a period
of 100 years.
The functions for predicting the diameter growth ratio
were:
DG= 0.00086675 - 0.000677 D + 0.000003 D 2
+ 0.00005 A + 0.00018 S
for Douglas fir, and
DG = 0.25626 + 0.00036 A - 5.15243/A - 0.0133
• D + 0.22132/D + 0.0001945/D 2 - 9.61382/S
for western hemlock.
The height growth functions are:
DH = -0.0132821 + 0.00007A + 1.0018/A
- 1.32664 S + 1.2762/H
for Douglas fir, and
DH = -0.05725 -I- 0.00025A + 3.55631/A
-0.37162/S + 0.22507/H
for western hemlock.
The change in number of trees was predicted by two
separate equations for Douglas fir—the first for stand ages
below 35 years and the second for ages above 35 years.
DN = 0.159983 - 3.64379N + 0.0000016 N 2
+ 3765.5867/S 2
and
DN = 0.0826337 - 0.000105N + 1.2308/N
-0.00052S + 2.66116/A
For western hemlock, the predictive equation used was:
DN = 0.07098 - 0.00047A - 4.67769/A + 0.91209/S
+ 1.06401/N- 0.00001 N2
1,000
Where:
DG = diameter growth ratio
D = initial diameter
A = age
S = site index
The initial stand characteristics at age 30 were also
derived from these sources to allow the model to operate
for periods exceeding one rotation.
The forest characteristics are displayed on a stand basis
at the beginning of the simulation run and at the end of the
planning period. A complete set of input data is listed in
Appendix 1. The corresponding output is displayed in
Appendix 2.
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APPENDIX 1: INPUT DATA
DOUGLAS FIR
HEMLOCK
50
35.00 3500.00 8.80 74.00 243 100 121.88 96.4 9 17.33
65.00 9200.00 12.40 114.00 272 140 557.09 513.16 13.32
21.00 0.00 0.00 0.00 140 961.97 93.75 10.23
23.00 0.00 0.00 0.00 140 185.94 15.62 11.69
25.00 0.00 0.00 0.00 140 244.05 127.82 5.47
27.00 0.00 0.00 0.00 140 393.49 137.10 11.31
29.00 0.00 0.00 0.00 140 705.70 166.13 15.40
31.00 2300.00 8.40 66.00 208 140 585.06 323.72 40.68
32.00 2600.00 8.50 68.00 217 110 464.34 483.35 5.60
88.00 12170.00 15.50 133.00 205 170 388.29 369.57 15.67
5.00 0.00 0.00 0.00 140 689.52 586.50 13.20
20.00 0.00 0.00 0.00 110 703.41 82. 60 40.22
32.00 2600.00 8.50 68.00 217 170 714.50 11.33 32.70
0.00 0.00 0.00 0.00 140 832.40 334.80 24.08
1.00 0.00 0.00 0.00 140 841.32 636.32 3.47
7.00 0.00 0.00 0.00 140 376.87 561.79 4.76
9.00 0.00 0.00 0.00 110 490.69 687.70 24.63
11.00 0.00 0.00 0.00 140 957.71 140.55 49.97
13.00 0.00 0.00 0.00 140 827.33 377.08 26.85
15.00 0.00 0.00 0.00 140 359.73 411.39 44.15
17.00 0.00 0.00 0.00 140 482.54 271.72 6.36
19.00 0.00 o.oo 0.00 140 618.42 165.43 12.19
33.00 2900.00 8.60 70.00 226 140 396.33 600.15 2.78
37.00 3840.00 9.00 78.00 267 170 968.71 126.9 3 48.99
39.00 4180.00 9.20 82.00 282 140 237.65 265.81 6.74
41.00 4540.00 9.40 86.00 296 140 716.09 91.28 42.27
43.00 4900.00 9.70 90.00 301 210 420.06 641.89 00.37
45.00 5250.00 9.90 93.00 305 120 235.31 102.81 11.40
97.00 5770.00 10.10 95.00 311 130 438.23 403.02 5.78
99.00 6290.00 10.30 97.00 316 140 692.09 538.92 41.82
53.00 6820.00 10.90 101.00 310 140 116.69 518.91 2.10
SO. 00 6910.00 11 .00 102.00 307 140 924.91 71.67 20.26
56.00 7 300.00 11.20 104.00 301 150 203.59 697.56 8.83
60.00 8500.00 11.70 109.00 291 140 448.04 428.06 13.42
70.00 10040.00 13.10 119.00 255 160 788.99 6 84.94 29.76
72.00 10290.00 13.40 120.00 249 140 85.40 566.66 49.32
78.00 11070.00 14.10 126.00 231 150 885.27 78.78 17.44
81.00 11640.00 14.80 128.00 222 140 997.92 384.22 19.02
83.00 11630.00 14.90 129.00 217 140 688.16 619.78 24.23
87.00 12060.00 15.40 132.00 208 140 233.43 172.72 29.02
92.00 12570.00 15.90 135.00 196 140 824.54 148.33 39.55
97.00 13020.00 16.50 138.00 187 120 793.02 424.25 42.69
9a. 00 12750.00 16.10 136.00 193 140 689.52 586.50 13.20
72.00 10290.00 13.40 120.00 249 140 136.11 136.56 49.26
36.00 3670.00 8.90 76.00 25 3 170 95.13 327. 14 35.82
30.00 1666.62 3.90 28.002050 90 999.08 01. 1U 11. 00
60.00 10058.30 13.20 96.00 315 100 825.00 507.70 15.67
87.00 13652.55 17.50 121.00 193 100 610.70 207.37 2.78
02.00 8557.26 9.20 91.00 582 180 928.06 63.00 13.20
127.82 5.07
137.10 11.31
166.13 15.00
35.00 5136.68 6.32 56.001203 180 123.05 119.65 12.13
005.07 10.23
0.0 0.0 0.0 0.0 100 106.05 228.33 20.08
00.00 6858.70 8.00 76.00 670 160 570.30 086.00 11.69
01.00 10358.33 9.00 110.00 609 180 33.06 660.83 5.07
09.00 11818.00 13.10 111.00 325 200 001.03 600.86 11.31
51.00 5220.05 8.60 58.00 638 100 500.92 360.15 15.00
55.00 0051.50 9.10 55.00 512 90 253.01 585.31 00.68
50.00 6791.32 10.30 69.00 086 120 739.90 639.90 5.60
71.00 13700.07 16.10 120.00 220 160 923.09 7.33 13.20
83.00 8307.05 13.10 83.00 307 100 755.05 305.23 00.22
69.00 10020.69 13.70 92.00 300 120 820.80 0.02 32.70
77.00 10019.21 16.00 118.00 238 100 616.06 083.66 3.07
91.00 8076.01 10.20 78.00 269 90 601.16 271.90 28.22
100.00 18300.80 20.50 161.00 102 170 920.18 17.63 28.05
33.00 3837.99 5.60 61.001051 180 869.51 693.26 0.76
57.00 12100.16 10.00 105.00 308 150 116.60 550.50 20.63
61.00 7980.00 11.90 82.00 360 120 668.88 650.70 09.97
58.00 11693.80 13.10 97.00 368 100 592.15 90.39 26.85
00.00 5708.96 7.80 66.00 750 100 079.71 065.31 00.15
90.00 9661.05 10.30 90.00 275 100 670.93 30.10 6.36
95.00 9396.01 10.60 92.00 251 90 219.99 652.71 12.19
110.00 13702.66 18.70 119.00 173 120 205.18 563.02 17.33
100.00 17366.10 22.80 100.00 125 130 622.68 300.00 08.99
15.00 0.0 0.0 0.0 100 308.26 062.69 6.70
21.00 0.0 0.0 0.0 90 831.59 28.06 00.37
28.00 0.0 0.0 0.0 90 759.68 130.09 5.78
30.00 2907.33 5.10 53.001120 150 315.60 115.29 01.82
1.00 0.0 0.0 0.0 100 107.02 281.56 11.18
629.53 2.10
7.00 0.0 0.0 0.0 120 616.95 025.38 20.26
3.00 0.0 0.0 0.0 180 93.57 60.55 8.83
11.00 0.0 0.0 0.0 170 711.23 306.19 02.27
18.00 0.0 0.0 0.0 90 223.37 282.06 13.02
17.00 0.0 0.0 0.0 100 010.70 582.97 29.76
21.00 0.0 0.0 0.0 90 300.20 210.11 09.32
30.00 2276.08 0.00 36.002070 100 133.00 33.06 25.79
90.00 10756.79 15.00 99.00 200 110 730.81 050.13 17.00
85.00 11082.55 15.90 103.00 231 120 279.30 585.80 19.02
35.00 3670.23 5.10 00.001850 100 507.80 360.20 20.23
33.00 2383.16 0.90 02.001238 100 517.50 331.38 29.02
38.00 5012.71 6.80 56.001095 120 182.90 585.75 39.55
00.00 5923.17 7.80 68.00 750 100 370.60 501.61 02.69
0.00017
7 0.600 0.270 0.100 0.023 0.005 0.0019 0.0001
0.01 0.00 30.00 160.00 550.00 2200.00 20000.00
0.02
30.00 80.00 150.00 250.00
0.001 0.002 0.010 0.02 0.050
30.00 80.00 150.00 250.00
0.001 0.002 0.010 0.02 0.050
0.30 0.55 0.75 0.90
0.30 0.55 0.75 0.90
0.300 0.375 0.080 0.630
12.0016.0020.00
0.300 0.375 0.080 0.630
12.0016.0020.00
1.50 0.00
1.50 0.00
1.05 0.005
1.05 0.005
0.000000.00001 0.0 0.001
0.000000.00001 0.0 0.001
-10-
30. 50. 50.
45.00
45.00
3.20
20.00
20.00
0.060
1.04 1.04
0.020
2.0
2
30. 0.30 100.
50. 0.15 120.
2
30. 0.30 100.
50. 0.1 100.
1 1
1
0.80 0.70 0.
0.80 0.70 0.
1
1
354287
1000000. 1000000. 1000000.
10000. 10000. 10000.
10000. 10000. 10000.
10000. 10000. 10000.
10000. 10000. 10000.
10000. 10000. 10000.
O.R. BELZ EORESTRY 324 JUNE 15,1977
10 5
1
1225.89 1137.32
1
1225.89 1137.32
1
1225.89 1137.32
99
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APPENDIX 2: OUTPUT DATA
IFHAG — ILLIBOIS FOREST HAHAGEHBET GAME
D.I. PILI POBESTRT 324 JOHE 15,1977
I DOOGLAS FIR I HEHLOCK I
T EHWIGBHBET ACTIVITY COST C COST T
I PRBCOHHBRCIAL THTBBIHG S20.00/ACRE :r S20.00/HCFE I
I PERTTLIZATTOH S 3.20/ACRB :[ * 3.20/ACRE I
I SITE PRBP1RATT01 S30.00/ACRE LOW IETBESITT 1t S50.00/ICRE LOW IHTENSITI I
I URTIPTCTAL RBGHBERATIOI S45.00/ACRE ]: SH5.00/ACRB I
I SKIOOIWG 0.00001 /CO. FT. R FT. [ 0.00001 /Cn.FT. t, FT. I
I TROCETEG 0.00100 /CO.PT.EHILB 1r 0.00100 /CU. FT. CHILE I
I HURYBSTIBG 0.0*00* 1.5000/DBH**2 1[ 0.0H00* 1.5000/DBH**2 I
I THIHRIEG 0. 0*50* 1.4500 /DBH**2 [ 0.0450* 1.4500/DBH**2 I
I AGE 30.00 50.00 ;f 30.00 50.00 I
I PERCEBT 0.30 0.15 :[ 0.30. 0.10 I
I HIW. BASIL ARBft 100. 120. r 100. mo. i
I AEBRAGB STAHD DUHBTER PRICE PER CO. FT. I
DOUGLAS FIR 1
[ PRICE PER CO. FT. I
[ REHLOCK I
I 0.00 < < 12.00 0.30 1; 0.30 I
I 12.00 < D < 16.00 0.38 3C 0.38 I
I 16.00 < D < 20.00 0.08 :C 0.48 I
I 20.00 < 0.63 ][ 0.63 I
I IWTBRBST RITE 6.00PBRCBBT, I
I PROBUBILITY OF FTEB 0.00017C I I
I ACRES PBOB.DAHAGB I
I 0.00 - 0.01 0. 6000
I 0.01 - ».oo 0. 2700
I 8.00 - 3 0.00 0, 1000
I 30.00 - 160.00 0. 0230
I 160.00 - 550.00 0. 0050
I 550.00 - 2200.00 0. 0019
I 2200.00 - 20000.00 0. 0001
I PROBABILITY OF STORH » 0.02
I STAID HEIGHT PROB. DAMAGE I
I 0.00 < HT < 30.00 0.0010 I
I 30.00 < HT < 80.00 0.0020 I
T 80.00 < HT < 150.00 0.0100 I
T 150.00 < HT < 250.00 0.0200 I
I 250.00 < HT 0.0500 I
iTAKD SPECIES AGE
(TRS)
TOLOHE
/ACRE
DBH
(IW )
HEIGHT
(?BBT)
TREES
/ACRE
SITE
IWDBT
AREA TOTAL
(ACRES) VOLOHR
(H CO.fT.)
DISTANCE
SKIDDING TRUCKING
(FEET) (HTLES)
1 1
2
35.00
30.00
3500.00
1666.62
8.80
3.90
7ft. 00
28.00
2*3
2050
1*0
90
121.88
999.08
426.58
1665.09
41. 1* 11.40
2 1
2
65.00
60.00
9200.00
10058.30
12.40
13.20
11 ft. 00
96.00
272
315
1*0
«*o
557.09
925.46
5125.22
8302.52
507.7* 15.67
3 1
2
21.00
87.00
0.0
13652.55
0.0
17.50
0.0
121.00 193
1*0
1*0
961.97
61*. 70
0.0
8392.22
207.37 2.78
a 1
2
23.00
«2. 00
0.0
8557.26
0.0
9.20
0.0
91.00 582
1*0
180
185.96
928.06
0.0
79*1.64
83.40 13.20
5 1 25.00 0.0 0.0 0.0 1*0 244.45 0.0 127.82 5.47
6 1 27.00 0.0 0.0 0.0 C 1*0 393.49 0.0 137.10 11.31
7 1 29.00 0.0 0.0 0.0 1*0 705.70 0.0 166.13 15.40
8 1
2
31.00
35.00
2300.00
5136.68
8.«0
6.32
66.00
56.00
208
1203
1*0
180
585.06
123.45
1345. 6«
63ft. 12
119.65 12.13
9 1 32.00 2600.00 8.50 68.00 217 110 464.34 1207. 28 445.47 14.23
10 1
2
88.00
0.0
12170.00
0.0
15.50
0.0
133.00
0.0
205 170
100
388.29
106.45
•725. »8
0.0
228.33 24.08
11 1
2
5.00
• 0.00
0.0
6858.70
0.0
8.»0
0.0
76.00 670
1*0
160
689.52
570.30
0.0
3911.51
486.00 11.69
12 1
2
20.00
• 1.00
0.0
10358.33
0.0
9.00
0.0
110.00 609
110
180
703.41
33.06
0.0
3*2. *5
66*. 83 5.«7
13 1
2
32.00
49.00
2600.00
11818.00
8.50
13.10
68.00
111.00
217
325
170
200
714.50
401.03
1857.70
•739.37
600.86 11.31
14 1
2
0.0
51.00
0.0
522*. *5
0.0
8.60
0.0
58.00 638
4
1*0
100
832.40
5*0.92
0.0
2826.01
36*. 15 15.40
15 1
2
1.00
55.00
0.0
4451.54
0.0
9.10
0.0
55.00 512
1*0
90
8*1.32
253.01
0.0
1126.28
585.31 •0.68
16 2 5*. 00 6791.32 10.30 69.00 • 86 120 739.9* 5025.16 639.90 5.60
17 2 71.00 137M.07 16.10 12ft. 00 22* 160 923.09 12687.01 7.33 13.20
18 1
2
7.00
83.00
0.0
83*7. »5
0.0
13.10
0.0
83.00 307
1*0
100
376.87
755.05
0.0
6302.7*
305.23 •0.22
19 1
2
9.00
69.00
0.0
10020.69
0.0
13.70
0.0
92.00 30*
110
120
»90.69
820.84
0.0
8225.38
0.42 32.70
20 1
2
11.00
77.00
0.0
1M19.21
0.0
16.90
0.0
110.00 238
1*0
1*0
957.71
616.06
0.0
88 8 3.09
• 83.66 3.47
21 1
2
13.00
91.00
0.0
8076. *1
0.0
1ft. 20
0.0
78.00 269
1*0
90
827.33
601.16
0.0
9855.21
271.90 28.22
22 1
2
15.00
100.00
0.0
183*0.80
0.0
20.50
0.0
161.00 1*2
140
170
359.73
920.18
0.0
16876.83
17.63 28.45
23 1
2
17.00
33.00
0.0
3837.99
0.0
5.60
0.0
61.00 1051
140
180
•82.5*
869.51
0.0
3337.17
693.26 4.76
2a 1
2
19.00
57.00
0.0
12100.16
0.0
14.00
0.0
105.00 308
140
150
618.42
116.6ft
0.0
1*11.36
550.50 24.63
25 1
2
33.00
61.00
2900.00
7980.0*
8.60
11.90
7 0.00
82.00
226
360
140
120
396.33
668.88
11*9. 36
5337.68
654.74 49.97
-13-
26 1
2
37.00
58.00
3800.00
11693.80
9.00
13.10
78.00
97.00
267
368
170
140
968.71
592.15
3719.85
6920.50
90.39 26.85
27 1
2
39.00
00.00
0160.00
5709.96
9.20
7.80
82.00
66.00
282
750
100
100
237.65
079.71
993. 38
2757.83
465. 31 00.15
28 1
2
01.00
90.00
•500.00
9661.05
9.00
10.30
86.00
90.00
296
275
100
100
716.09
670.93
3251.05
6082.15
30.10 6.36
29 1
2
03.00
95.00
0900.00
9396.01
9.70
10.60
90.00
92.00
301
251
210
90
020.06
219.99
2058.29
2067.11
652.71 12.19
30 1
2
05.00
110.00
5250.00
13702.66
9.90
18.70
93.00
119.00
305
173
120
120
235.31
205.18
1235.38
3369.02
563.02 17.33
31 1
2
07.00
100.00
5770.00
17366.10
10.10
22.80
9 5.00
100.00
311
125
130
130
038.23
622.68
2528.59
10813.52
300.00 08.99
32 1
2
09.00
15.00
6290.00
0.0
10.30
0.0
97.00
0.0
316 100
100
6 92.09
308.26
0353.20
0.0
062.69 6.70
33 2 21.00 0.0 0.0 0.0 90 831.59 0.0 28.06 00.37
34 1
2
53.00
26.00
68 20.00
0.0
10.90
0.0
101.00
0.0
310 140
90
116.69
759.68
795.83
0.0
130.09 5.78
35 1
2
50.00
10.00
6910.00
2907.33
11.00
5.10
102.00
5 3.00
307
1120
140
150
920.91
315.60
6391.13
930.29
115.29 01.82
36 1
2
56.00
1.00
7300.00
0.0
11.20
0.0
104.00
0.0
301 150
100
203.59
107.02
1086.21
0.0
281.56 11.18
37 1 60.00 8500.00 11.70 109.00 291 100 008.00 3808.30 629.53 2.10
38 1
2
70.00
7.00
10000.00
0.0
13.10
0.0
119.00
0.0
255 160
120
788.99
616.95
7921.06
0.0
025.38 20.26
39 1
2
72.00
3.00
10290.00
0.0
13.00
0.0
120.00
0.0
249 140
180
85.40
93.57
878.77
0.0
60.55 8.83
no 2 11.00 0.0 0.0 0.0 170 711.23 0.0 306.19 02.27
•1 2 18.00 0.0 0.0 0.0 90 223.37 0.0 282.06 13.02
• 2 1
2
78.00
17.00
11070.00
0.0
10.10
0.0
126.00
0.0
231 150
100
885.27
410.70
9799.93
0.0
582.97 29.76
•3 1 •1.00 11M0.00 10.60 128.00 222 100 997.92 11016.20 214.11 09.32
2 21.00 0.6 0.0 6.0 90 300.20 0.0
M 1
2
83.00
30.00
11630.00
2276.08
10.90
0.00
129.00
36.00
217
2070
140
100
698.16
133.40
8003. 30
303.72
33.46 25.79
45 1
2
87.00
90.00
12060.00
10756.79
15.40
15.40
132.00
99.00
208
240
100
110
233.43
734.81
2815.16
7900.19
454.13 17.00
46 1
2
92.00
95.00
12570.00
11082.55
15.90
15.90
135.00
103.00
196
231
140
120
824.50
279.30
10360.46
3207.07
585.84 19.02
07 1
2
97.00
35.00
13020.00
3670.23
16.50
5.10
138,00
4 0.00
187
1850
120
100
793.02
507.80
10325.11
1865.77
360.20 20.23
08 1
2
90.00
33.00
12750.00
2383.18
16.10
0.90
136.00
42.00
193
1238
100
100
689.52
517.50
8791. 38
1233.29
331.38 29.02
09 1
2
72.00
38.00
10290.00
5012.71
13.40
6.80
120.00
56.00
249
1095
100
120
136.11
182.90
1000.57
989.98
585.75 39.53
50 1
2
36.00
00.00
3670.00
5923.17
8.90
7.80
76.00
68.00
253
750
170
100
95.13
370.60
309.13
2218.82
501.61 02.69
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TBAR 1976
HARVESTS C0BPA.ETNERT
• 7
«8
31
30
22
SPBCIBS
1
1
2
?
2
ARBA BARVBSTBD
(XCt!5)
793.02
•32.87
622.68
2*5.18
269. *6
VOLUBB HARVESTED
(H CO. PT.)
10325.11
5519.09
10813.52
3369. «2
119*2.10
T I DOUGLAS ETR I HEflLOCK I
T ACTIVITY I OITTS COSTS I UNITS COSTS I
T HARVESTING I 158M.21 1190627.00 I 19*95.25 161*1*5.00 I
T THINNING I 0.0 0.0 I 91.12 5*8*8.71 I
T PERTTLIZTlfG I 11 3*. 56 3630.59 I 108*. 57 3*70.62 I
T SITE PREPARATION I 1225.89 7*126.9* I 1117.32 89*01.9* I
T REGBNB1ATION I 1225.89 58921.90 I *137. 32 80*61.75 I
I PRBCOHHER-. THINNING I 1392.36 27M7.19 I 1*53.79 29075.79 I
TOTAL COSTS 3226551.00
I
I
CASBPLOB (THOUSAND DOLL1RS)
SOURCE I DOUGLAS PIE I H2HLOCK I
I POSITTTB W61TITE I POSITIVE BEGiTITE I
I HARTBSTS I 7605. 22 1190.631 115*3. 36 161*. 1*1
I THINNINGS I 0.,0 0.0 I 111. 06 5*. 851
I PRBCOHHERCIAL I I I
T THIIIIRGS I 27.851 29.081
I FERTILIZING T 3.631 3.U7I
I SITI PREP. I 7*. 131 89.*0I
I BEGEM BB1TIOB I 58.921 80.961
I STORM SALVAGE I 0,,0 0.0 I 0. 0.0 I
I PTBE SALVAGE I 0..0 0.0 I 0,,0 0.0 I
I TOT1L I 7605.22 1355.15 I 1165*. N3 1871. »0 I
I BET IBCOBE 6250.07 9783.02
I FEDERAL IBCOBE TA X 4781569.00 DOLL1RS I
I STATE IBCOHB TAX = 2166.57 COLLARS I
I TOT1L IBCOHE (WITH CONSIDERATION OP A DHINISTRiTIOH COSTS)
I
I BEFORE TAXES = 1 5938566. OODOLLARS, I
I AFTER TAXES 1115*830.00 DOLLARS I
HARVESTING BUDGET
TRIfWIBG BUDGET
REGENERATION BODGET
SITE PREPARATION BODGET
PRECOHHERCIAL THIBBIBG BODGET
FERTILIZATION BUDGET
-180*771.00
-**848.69
-129383.63
-153528.81
-*6922.96
2898.79
17-
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TEAR 1981
HARVESTS COMPARTMENT SPECIES AREA HARVESTED VOLDHE HARVESTED
(ACRES) (H CO. FT.)
ftfi 1 82ft. 5ft 10851 .68
10 1 388.29 tt805.55
85 1 13.06 163.22
29 2 219.99 2668.58
21 2 601.16 6 355.83
28 2 316.17 3383.53
I I DOUGLAS FIR T HEMLOCK I
I ACTIVITY I OMITS COSTS I OMITS COSTS I
I HARVESTING I 17113.55 1302297.00 I 12886.30 1010131.00 T
T THINNING I 213.3ft 117818.13 I »78.36 3tt985. 26 I
I FERTILIZING I H858.01 16963.27 I «823.5ft 17052. ft2 I
I SITE PREPARATION I 1225.89 126*03.88 I 1137.32 19tt631.31 I
I REGENERATION I 1225.89 88763.81 I 1137.32 181238.38 I
I PRBCOJ1RER. THINNING I 8279.11 185813.69 I 5882.78 1158U3.63 I
I TOTAL COSTS I 3391937. 00 T
I CASHFLOW (THOUSAND DOLLARS) I
I
I
SOURCE I DOUGLAS FIR I HEMLOCK I
I POSITIVE NEGATIVE I POSITIVE NEGATIVE I
T
I
I
I
T
I
I
I
I
HARVESTS
THINNINGS
PRECOHHBRCIAL
THINNINGS
FERTILIZING
SITE PREP.
REGENERATION
STORH SALVAGE
FIRE SALVAGE
I 9ft96.91
I ft30.63
I
I
I
T
I
I 0.0
I 0.0
1302.301
117.821
I
185.811
16.961
126.ft0l
88.761
0.0 I
0.0 I
6855.01
18ft. 6ft
0.0
0.0
1010.131
3ft. 991
I
115.8ftl
17.051
19ft. 631
181.2ftl
0.0 I
0.0 I
I TOTAL I 9927. 5U 1838.06 I 7039.65 1553.88 I
I MET IICOHE I 8089. ft8 I 5ft85.77 I
I
I
I
I
I
FEDERAL IICOHE TAX = ft0ftft218.00 DOLLARS I
STATE INCOME TAI = 18ft9.09 COLLARS I
TOTAL INCOME (WITH COHSIDBRATIOM OF ADMINISTRATION COSTS) I
BEFORE TAXES = 1 3ft807 31 . 00DOLLA RS, I
AFTER TAXES = 9ft3ft663.00 DOLLARS I
HARVESTING BUDGET
THINNING BUDGET
REGENERATION BUDGET
SITE PREPARATION BUDGET
PRECOHHERCIAL THINNING BUDGET
FERTILIZATION BUDGET
$ -1312*27.00
$ -162803.31
$ -260001.9ft
$ -311035.13
$ -291657.19
$ -2ft015.67
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STAND
5
6
7
8
9
10
11
12
13
11*
15
16
17
18
19
20
21
22
23
20
25
26
27
SPECIES AGE
(TRS)
OLOHE
/ACRE
DBH
(IR )
HEIGHT
(PEST)
TREES
/ACRE
SITE
THDBX
AREA TOTAL
(ACRES) TOLOHE
(« CO.PT.)
DISTAVCE
SKIDDING TRUCKING
(PEET) (HILES)
1 45.00
2 00.00
077.3.25
2670.26
10.22
a. 07
89.01
31.00
265
3563
100
90
121.88
999.08
581.76
2671.80
01.10 11.00
1 75.00
2 70.00
10533.10
11669.66
10.09
10.92
119.92
111.36
237
255
100
100
557.09
825.00
5867.91
9632.61
507.70 15.67
1 31.00
2 97.00
827.93
21005.20
8.03
22.85
61.38
125.53
110
176
100
100
961.97
610.70
796.00
13157.80
207.37 2.78
1 33.00
2 52.00
1236.35
096.68
9.67
10.09
66.81
121.07
100
21
100
180
185.90
928.06
229.89
060.95
83.00 13.20
1 35.00 1519.22 10.27 70.01 105 100 200.05 371.37 127.82 5.07
1 37.00 1581.97 9.72 76.75 116 100 393.09 622.09 137.10 11.31
1 39.00 1937.31 9.60 83.32 132 100 705.70 1367.16 166.13 15.00
1 01.00
2 U5.00
2975.36
5793.25
9.72
8.17
83.95
88.06
156
519
100
180
585.06
123.05
1700.76
715.18
119.65 12.13
1 02.00 3571.10 9.32 83.96 197 110 060.30 1658.22 005.07 10.23
1 0.00
2 10.00
50.00
50.00
2.00
2.00
5.00
5.00
170
100
3 88.29
106.05
19.01
5.32
228.33 20.08
1 15.00
2 50.00
50.00
0.0
2.00
12.12
5.00
113.10
100
160
689.52
570.30
30.08
0.0
086.00 11.69
1 30.00
2 51.00
395.80
0.0
6.18
9.77
53.00
105.82
101 110
180
703.01
33.06
278.01
0.0
660.83 5.07
1 2.00
2 59.00
2080.26
18201.01
10.07
17.66
86.89
103.05
103
230
170
200
710.50
001.03
1772.15
7299.30
600.86 11.31
1 10.00
2 61.00
50.00
8218.00
2.00
11.72
5.00
68.35 063
1a0
100
832.00
500.92
al.61
0005.28
360.15 15.00
1 11.00
2 65.00
50.00
6065.59
2.00
11.58
5.00
63.89 000
100
90
801.32
253.01
02.07
1635.86
585.31 00.68
2 60.00 10870.68 13.88 80.25 373 120 739.90 8006.61 639.90 5.60
2 81.00 16072.61 18.29 133.66 193 160 923.09 ia836.06 7.33 13.20
1 17.00
2 93.00
50.00
11125.01
2.00
15.65
5.00
86. 6^ 278
mo
100
376.97
755.05
18.80
8399.93
305.23 00.22
1 19.00
2 79.00
50.00
10538.60
2.00
17.15
5.00
99.58 265
110
120
090.69
820.80
20.53
11933.89
0.02 32.70
1 21.00
2 87.00
50.00
21329.18
2.00
20.60
5.00
125.00 210
100
100
957.71
616.06
07.89
13100.05
083.66 3.07
1 23.00
2 0.00
H9.03
50.00
2.00
2.00
5.00
5.00
100
90
8 27.33
601.16
00.89
30.06
271.90 28.22
1 25.00
2 10.00
50.00
50.00
2.00
2.00
5.00
5.00 102
100
170
359.73
650.72
17.99
32.5a
17.63 28.05
1 27.00
2 03.00
50.00
3767.59
2.00
7.30
5.00
9a. 92 393
100
180
a82.50
869.51
20.13
3275.95
693.26 0.76
1 29.00
? 67.00
2167.69
20100.26
9.52
18.87
68. oa
120.51
183
252
100
150
618.02
116.6a
1300.50
2309.63
550.50 20.63
1 03.00
2 71.00
3099.37
13009.62
9.%
16.23
86.20
92.39
160
29 3
mo
120
396.33
668. 88
1386.91
8969.02
650.70 09.97
1 07.00
2 68.00
5075.63
10262.00
10.62
15. 31
90.10
111.99
209
310
1 7
100
968.71
592.15
5300.30
8005.20
90. 39 26.85
1 09.00
2 50.00
0186.91
0.0
10.68
8.66
98. a8
86.09
278 100
100
237.65
079.71
995.02
0.0
465.31 00.15
•19-
28 1
7
51.00
5.00
5577.00
50.00
10.76
2.00
100.05
5.00
263
862
140
100
716.09
354.76
3993.63
17.74
30. Mi 6.36
29 1
2
53.00
4.00
5430.11
50.00
12.35
2.00
105.02
5.00
19-J 210
90
420.06
219.99
2280. 07
11.00
652.71 1 2. 19
30 1
2
55.00
9.00
5775.72
50.00
10.79
2.00
102.60
5.00
281 120
120
235.31
245.18
1359. 03
12.26
563. 42 17.33
31 1
2
57.00
9.00
6098.08
50.00
11.08
2.00
105.55
5.00
272 130
130
438.23
622.68
2672. 36
31. 13
344. UB 48.99
32 1
2
59.00
25.00
7025.48
50.00
11.94
2.00
108.00
5.00
261 140
100
692.09
348.26
4862. 27
17.41
462.69 6.74
33 2 31.00 1293.06 3.08 20.75 3448 90 831.59 1375.29 28.46 40.37
34 1
2
6 3.00
3B.00
7720.62
3203.68
12.08
3.56
111.43
33.64
264
3934
140
90
116.69
759.68
900.92
2433.77
134.49 5.78
35 1
2
64.00
40.00
7814.16
8467.08
12.22
5.63
111.57
53.48
267
2665
1UC
1*0
924.91
315.64
7227.39
2672.67
115. 29 41.82
36 1
2
66.00
11.00
8457.80
50.00
12.72
2.00
114.63
5.00
249 150
100
203.59
147.42
1721.92
7.37
281.56 11.18
37 1 70.00 9512.40 13.14 116.55 250 140 448.04 4306.73 629.53 2.10
38 1
2
80.00
17.00
10605.60
50.00
14.80
2.00
126.69
5.00
203 160
120
788.99
616.95
S367.71
30.85
425.38 20.26
39 1
2
82.00
13.00
11493.06
50.00
14.85
2.00
126.51
5.00
218 140
180
85.40
9 3.57
981.51
4.68
64.55 8.83
40 2 21.00 50.00 2.00 5.00 170 711.23 35.56 306.19 42. 27
41 2 28.00 50.00 2.00 5.00 90 223.37 11.17 282.46 13.42
42 1
2
98.00
27.00
11889.02
50.00
15.68
2.00
13 0.53
5.00
197 150
100
885.27
410.74
10524.99
20.54
582.97 29.76
43 1 91.00 12813.72 16.36 133.34 202 140 997.92 12787.07 214.11 • 9.32
2 31.00 1028.10 2.69 20.72 3587 90 300.20 308.63
44 1
2
93.00
40.00
12604.05
5484.02
16.17
4.36
133. U8
3 9.87
199
3794
140
100
688.16
133.44
8673.60
731.79
33.46 25.79
45 1
2
5.00
5.00
50.00
50.00
2.00
2.00
5.00
5.00
199
228
140
110
220.37
734.81
11.02
36.74
454.13 17.44
46 1
2
4.00
9S.00
50.00
19872.13
2.00
21.66
5.00
106.71 212
140
120
824.54
279.30
41.23
5550. 28
585.84 19. 02
47 1
2
8.74
45.00
50.00
4042.81
2.00
6.04
5.00
57.88 1006
120
100
793.02
507.80
39.65
2052.94
360.24 24.23
48 1
2
10.00
43.00
50.00
1371.16
2.00
5.62
5.00
57.56
193
398
140
100
256.65
517.50
12.83
709.57
331.38 29.42
49 1
2
82.00
48.00
11317.30
489.16
14.68
7.57
127.09
81.95
220
56
140
120
136.11
182.90
1540.40
89.47
585.75 39.55
50 1
2
46.00
50.00
6209.65
0.0
10.90
8.67
89.47
95.85
245 170
140
95.13
374.60
590.72
0.0
501.61 42.69
51 1 9.00 50.00 2.00 5.00 140 432.87 21.64 331.38 29.42
52 2 9.00 50.00 2.00 5.00 170 269.46 13.47 17.63 28.45
53 1 4.00 50.00 2.00 5.00 140 13.06 0.65 454.13 17.44
54 2 3.77 50.00 2.00 5.00 c 100 316.17 15.81 30.14 6.36
55 2 0.0 0.0 0.0 0.0 0.0 0.0 454.13 17.44
-20-
YEAR 1996
i fire STATISTICS 1977 - 1986
I TEAR COHPARTHEKT SPECIES ACRES AFFECTED DAMAGE * I
I 1 977 03 1 13.20 1.32 I
I 1977 03 2 3.97 1.32 I
I 1978 35 1 17.55 1.90 I
I 1978 35 2 5.99 1.90 I
I 1979 27 1 87.
m
36.78 I
I 1979 27 2 176.00 36.78 I
I 1981 1 1 29.91 20.50 I
T 1981 1 2 205.15 20.50 I
I 1982 21 1 9. an 1.10 I
I 1982 21 2 6.86 1 .10 I
I 1985 2 1 7.32 1.31 I
I 1985 26 1 67. 84 7.00 I
I 1985 2 2 10.85 1.31 I
I 1985 26 2 • 1. oi 7.00 I
I 1986 23 1 * 5.15 1 .07 I
I 1986 23 2 9.28 1.07 I
HARVESTS COHPARTWFMT
00
03
3
06
18
SPECIBS
1
1
2
2
2
AREA HARVESTED
(ACRES)
688.16
537.73
610.70
279.30
203.32
VOLOHE HARVESTED
(« CU. FT.)
8673.60
6890.32
13157.80
5550.28
2706.90
I I DOOGLAS FIR I HEHLOCK I
I ACTIVITY I OR ITS COSTS I ORITS COSTS I
I HARVESTING I 15563.92 1851978.00 I 21015.01 1901195.00 I
I THTWRTRG I 0.0 0.0 I 0.0 0.0 I
T FERTILIZING I 705.70 2877.25 I 1103.51 U662.27 I
I SITE PREPARATION I 1225.89 167880.69 I 1137.32 160193.56 I
I REGEWBRATIOW I 1225.89 113253.88 I 1137.32 92709.56 I
I PRBCOHKER. THIIHIRG I 0.0 0.0 I 0.0 0.0 I
TOTAL COSTS •338787.00
-21-
T CASHFLOW (THODSAHD DOLLARS) I
T
T
SOURCE I DODGLAS FIR I
I POSITIVE EEGATIVB I
HEHLOCK I
POSITIVE HEGATIVE I
I
I
I
I
I
I
I
I
I
HARVESTS
THIHHIHGS
PRECOHHBRCIAL
THIHHIHGS
PBRTILIZIHG
SITE PREP.
REGBHERATIOH
STORE SALVAGE
FIRE SALVAGE
I 11668.68
I 0.0
I
I
I
I
I
I 0.0
I 0.0
1851.981
0.0 I
I
0.0 I
2.88T
167.881
113.251
0.0 I
0.0 I
18822.53
0.0
0.0
0.0
19U1.19I
0.0 I
I
0.0 I
ft. 661
164.191
92.751
0.0 I
0.0 I
I TOTAL I 11668.68 2135.99 I 18822.53 2202.80 I
I EST IICOHE I 9532.70 I 16619.73 I
I
T
I
I
I
FEDERAL IHCOHE TAX = 7817365.00 DOLLARS I
STATE IHCOHE TAX = 2270.03 COLLARS I
TOTAL IHCOHE (HITH COHSIDERATIOH OF ADHIHISTRATIOH COSTS)
I
BEFORE TAXES = 26057888. 00DOLLARS, I
AITER TAXES * 18238240.00 DOLLARS I
HARVESTIHG BUDGET
THIHHIHG BUDGET
REGBHERATIOH BUDGET
SITE PREPABATIOH BUDGET
PRECOHHBRCIAL THIHHIHG BUDGET
FERTILIZATIOH BUDGET
-2793172.00
10000.00
-196003.38
-322074.19
10000.00
2460.48
-22-
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THE INAPPROPRIATENESS OF MONOPOLY REVENUE AS A
CONCEPT OF VALUE FOR RECREATION 1
Michael D. Bowes and John F. Dwyer^
December, 1977
Considerable effort has been directed toward estimat-
ing recreation benefits for benefit-cost analyses during the
past two decades. The effort has been spurred on by the
growing significance of recreation as a use of public land
and water resources and by the desire to apply benefit-cost
analyses to the program and project alternatives that pro-
vide recreation. A number of concepts of value have been
advanced. Many have been discarded subsequently.
Monopoly revenue is one concept of value that contin-
ues to be advanced, but which is inappropriate except in
limited circumstances where it is equivalent to maximum
willingness of users to pay entry fees, the appropriate con-
cept of recreation benefits for benefit-cost analysis. The
purpose of this report is to point out the inappropriateness
of monopoly revenue and the appropriateness of willingness-
to-pay as concepts of value for recreation.
Monopoly revenue can be calculated under two assump-
tions concerning monopoly pricing. Maximum revenue of a
non price-discriminating monopolist is the most that could
be extracted from consumers by charging a single price to
Quantity
all. It is indicated in Figure 1 as the largest rectangle (OPBQ)
that can be inscribed under the demand curve. For the case
of zero variable cost, this is the same as profit maximization.
Maximum revenue of a perfectly price-discriminating
monopolist is the most that could be extracted from con-
sumers by selling each successive unit of a good at the maxi-
mum price that an individual is willing to pay. Such a
monopolist would produce the quantity at which the price
paid for the last unit equaled the marginal cost of produc-
ing it and could capture the full willingness of consumers to
pay. In Figure 2, the revenue from selling OQ would be
ODBQ.
Quantity
Figure 1.
Figure 2.
MAXIMUM REVENUE OF A NON PRICE-
DISCRIMINATING MONOPOLIST
Dealing with the case of no user charge, Clawson [1]
suggested using the maximum revenue attainable by a non
price-discriminating monopolist as the value of recreation.
He argued that such a measure would provide an indication
of maximum revenue to the owner of the area. Others who
followed his suggestion included Brown, Singh, and Castle
1 The research on which this publication is based was supported in part by the Illinois Agricultural Experiment Station and in
part by funds provided by the U.S. Department of the Interior, as authorized under the Water Resources Research Act of
1964 as amended. ^Graduate Research Assistant and Assistant Professor of Forestry Economics, Department of Forestry.
[2], Stevens [3], Beardsley [4], and Crutchfield [5].
Knetsch [6] and subsequently Clawson [7] advocated con-
sumers' surplus as the appropriate measure of value under
circumstances of zero entry fees. This is essentially equiva-
lent to the maximum willingness of users to pay entry fees.
Under cases where a user fee is charged, maximum willing-
ness of users to pay is the sum of consumers' surplus and
market price.
More recently, Martin and Gum [8] have indicated
that maximum revenue of a non price-discriminating
monopolist is the appropriate valuation concept and that it
can be used as a basis for benefit-cost analysis or multiple
objective planning. O'Connell [9, p. 84] has also indicated
that maximum revenue of a non price-discriminating
monopolist is the method that brings us closer to a realistic
market value for outdoor recreation than any of the other
methods.
A number of researchers have calculated both con-
sumers' surplus and monopoly revenue without choosing
either as the appropriate measure of value. These include
Brink [10], Martin, Gum, and Sjnith [11], and Sublette
and Martin [12] .
Maximum revenue of a non price-discriminating monop-
olist does not indicate the full benefits (expressed in terms
of maximum willingness of users to pay) received by con-
sumers facing a zero charge. These benefits depend, rather,
on the amount of the good supplied and the cost of doing
so. Apart from the conceptual problem of what is an appro-
priate measure of welfare, there are also practical problems
with the concept. It fails to distinguish adequately between
projects. By itself, this should rule out use. For a further
discussion see Smith [13]. Three additional examples of
problems with the concept follow.
1. With zero variable supply cost and price (Figure 3), what
benefit would result by increasing the fixed supply from
Ql to Q2? If revenue of a non price-discriminating
monopolist were used to evaluate the increase, the net
additional benefit would be zero. Both Qj and Qo
would be considered as providing the same benefit
(OABC), even though more output at the same price is
given at Q2 .
2. Consider the demand curves Dj and D 2 in Figure 4 for
two alternate projects. The revenue of a non price-
discriminating monopolist is the same for both, yet total
willingness to pay as reflected by the area under the
curves is greater with Do.
3. If positive marginal costs are associated with production,
the method will be unable to distinguish between two
projects with the same total costs but different marginal
costs, even though one may result in greater output at a
lower price. The method considers the demand curve
only. However, supply may also affect benefits, as
shown in the previous example.
Thus, the revenue of a non price-discriminating monop-
olist is a weak criterion by which to rank investments. It
also suffers from a lack of comparability with other stan-
dard techniques of benefit evaluation for uses of public
land and water resources, ones that attempt to measure the
Figure 4.
full willingness to pay. By ignoring consumer surplus, the
method will often result in an undervaluation of recreation
benefits in relation to other project benefits.
MAXIMUM REVENUE OF A PERFECTLY PRICE-
DISCRIMINATING MONOPOLIST
This procedure provides a measure of benefits identical
to evaluating total willingness to pay. A perfectly price-
discriminating monopolist is able to sell each successive
unit of his commodity for the maximum price an individual
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is willing to pay. Such a monopolist would produce the
quantity at which the price paid for the last unit equaled
the marginal cost of producing it and could capture the full
willingness of consumers to pay, including all consumers'
surplus [14]. In Figure 2, for example, his revenue from
selling OQ would be ODBQ.
Here, we make the assumption that income effects are
negligible. This last qualification requires that the extrac-
tion of the full willingness to pay should not involve such a
significant withdrawal of income that consumers would be
forced to revise their demand after the purchase of each
unit.
More generally, if the fee is set at the level where mar-
ginal cost equals price, revenue of a perfectly price-
discriminating monopolist would be equivalent to the gross
benefits as measured by the maximum willingness-to-pay
approach, and would include consumers' surplus along with
actual expenditures by consumers. In Figure 2, ODBQ repre-
sents the revenue of the perfectly price-discriminating
monopolist, or the gross benefits from quantity OQ. This
equals consumers' surplus (PDB) plus expenditures (OPBQ).
MAXIMUM WILLINGNESS OF USERS TO PAY
The appropriate concept of value for newly created
recreation opportunities is the maximum willingness of
users to pay entry or use fees for the specific site, area, or
resource. The maximum willingness to pay includes entry
or user fees actually paid plus an estimate of the maximum
amount beyond these charges that users could be induced
to pay. This is a measure of gross user benefits [15] . It is
not appropriate to include payments for equipment, food,
travel, or lodging that may be made in conjunction with the
recreation experience. The appropriateness of maximum
willingness to pay as a valuation concept is readily apparent
from the subsequent discussion of benefit-cost analysis.
In the benefit-cost framework, costs are the value of
goods and services that could have been produced had the
resources not been withdrawn from other uses. In the case
of recreation, this "opportunity cost" should include the
dollar figures for developing and maintaining the site or
area, along with an accounting of the benefits lost by with-
drawing natural resources from their present uses.
The difference between gross benefits and costs is
termed net benefits. The strict application of a benefit-cost
criterion would require making a choice that maximizes net
benefits. Fulfilling this benefit-cost criterion should mean
that those who benefit could make sufficient payments to
fully compensate the losers, so that no one person is worse
off and at least some people are better off. With this con-
cept of the benefit-cost criterion, it is reasonable to use
maximum willingness-to-pay to measure gains and mini-
mum desired compensation to measure most losses.
The willingness of users to pay may be approximated
by the sum of actual on-site expenditures plus consumers'
surplus. An approximation of willingness of users to pay for
particular recreation opportunities can be developed from a
demand curve, or schedule, which indicates the number of
visits that participants would be willing and able to make at
each price. A demand schedule is illustrated by the line AB
in Figure 5. Demand curves generally have a downward
slope (although they are not necessarily straight lines) be-
cause increasing amounts of a good or service are desired at
lower prices.-^
Consumers' willingness to pay may be described as the
sum of two components: the actual market expenditure
plus any excess amount consumers might be induced to pay.
As long as demand slopes downward, this excess amount
will be positive.
We define willingness to pay as the maximum amount
users would pay to insure that they will not be excluded
from a project. Willingness-to-pay is the appropriate mea-
sure of the net increases in benefit to those individuals who
have gained as a direct result of a project. Benefits are
usually approximated by an area under the actual demand
curve. In Figure 5, if OQ units were consumed at price P,
the benefits would be measured as the area ACQO. This
Figure 5.
3 The amount of a good that purchasers choose to buy is a reflection of the price of the good, the price of substitutes and
complements for the good, the income of consumers, and consumer tastes and preferences. A change in the price of a good
results in a movement along its demand curve, while a change in other variables results in a shift of the demand curve. For
example, an increase in income may increase the quantity that a consumer is willing and able to buy at each price. This is an
illustration of a demand function:
where:
q, = quantity demanded
P
x
= prices of the good
P
s
= prices of substitute goods
prices of complementary goods
= individual's income
= individual's tastes
P
c =
Y
T
area includes the actual expenditure, PCQO, plus an approx-
imation, ACP, of what consumers were willing to pay in
excess of their actual payment. Area ACP is usually referred
to as consumers' surplus, since it approximates net benefits.
For convenience in this discussion, consumers' surplus is
defined as the area under the demand curve above the price
(area ACP). Actually, consumers' surplus is used in eco-
nomics literature to refer to any of several measures of net
consumer welfare gains.
Using the area under the demand curve as an approxi-
mation of users' willingness to pay is satisfactory only if
extracting the full willingness to pay for each unit of the
good from consumers would not raise expenditures enough
to cause any shift in the demand curve, i.e., there would be
a small income effect. With recreation, the income elasticity
of demand for a good is low and the ratio of consumers'
surplus to income is low, so the consumers' surplus plus the
actual expenditure ,4 ACQO, will closely approximate the
total willingness-to-pay measure of the benefits.^
SUMMARY
The maximum revenue of a non price-discriminating
monopolist does not indicate the full benefits received by
consumers facing a zero charge. These benefits depend on
the amount of the good supplied and the cost of supplying
it. Using the concept can often result in an undervaluation
of recreation benefits relative to other project benefits once
consumer surplus is ignored. The method also fails to distin-
guish adequately between projects, making it unacceptable.
On the other hand, the maximum revenue of a perfectly
price-discriminating monopolist is an acceptable concept of
valuation for recreation benefits under some conditions. If
the fee is set at the level where marginal cost equals price,
the profit-maximizing revenue of a perfectly price-
discriminating monopolist is an appropriate concept for
measuring recreation benefits because it is equivalent to
the maximum willingness of users to pay entry fees, the
appropriate concept for estimating recreation benefits in
the benefit-cost framework.
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DEALING WITH CAPACITY CONSTRAINTS IN
ESTIMATING RECREATION BENEFITS 1
David J. Ravenscraft, Michael D. Bowes, and John F. Dwyer^
Low charges for use of public recreation sites often
lead to a situation in which greater use is sought than can
be accommodated. In effect, there is excess demand. Handl-
ing these sites as if they were produced and marketed in a
competitive industry could result in excess demand induc-
ing a price increase that would allocate the use of the sites
to those users with the greatest willingness to pay; also, pro-
ducers might make additional sites available. However,
charges for public recreation sites are not ordinarily in-
creased in order to allocate scarce resources or to reduce
excess demand.
In the absence of a pricing mechanism, other methods
are used to allocate available resources. Recreationists are
forced to make reservations, wait in line at the site, travel
to another site, or stay at home. Without such restrictions
on entry, large numbers of users might enter the site and
cause congestion or overcrowding. This would lead to a
reduced quality of the recreation experience and perhaps to
site damage.
Capacity constraints are important considerations
when estimating recreation benefits under two types of cir-
cumstances: (1) at an existing site, from observations at
that site; and (2) at a new or modified site, using a model
based on observations made elsewhere. A capacity constraint
is in many cases easily handled in recreation benefit estima-
tion. However, ignoring capacity constraints or dealing with
them inappropriately can lead to significant errors in bene-
fit estimation. This report describes some of the problems
capacity constraints pose when estimating recreation bene-
fits and illustrates a means of handling such problems.
EXISTING SITES
When using the willingness of users to pay as a measure
of benefits, the only concern is to estimate the benefits re-
ceived by those who actually use the site, not those who are
turned away by long lines or the lack of a reservation or
those who decide not to travel to the site because they
know about a capacity limitation. The travel-cost method
of estimating willingness to pay provides estimates of bene-
fits received by site users only. Therefore, when it is prop-
erly applied to an existing site and when its assumptions are
met, the method will accurately measure the willingness of
users to pay for access to that site. Guidelines for the proper
development and application of travel-cost models are pro-
vided by Dwyer, Kelly, and Bowes [1977] .
The travel-cost method makes two key assumptions:
(1) an individual would react to an increase in entry fees in
the same manner as to an increase in travel cost and (2) all
relevant and statistically significant variables which affect
trip-making behavior are properly specified in the model.
These become criteria that must be met in order to use the
travel-cost method. It is important to consider the implica-
tions of capacity constraints for these criteria.
The existence of a capacity constraint at a site being
evaluated should not raise any additional problems with re-
spect to the second criterion. However, some variables
which did not have a significant affect on trip-making be-
havior for a site with no capacity constraint might become
significant when such a constraint is imposed. For example,
income may become a relevant variable if the ability to
enter the site under the constraint is related to income.
The first criterion would not present a problem in
evaluating an existing site if people ignore the capacity con-
straint and travel to the site just as they would without its
existence. We would expect this to be the case if an infor-
mation problem were to develop about when site use would
be at capacity and if users were turned away. Under such
circumstances, users would be unable to adjust their behav-
ior to operate under the constraint.
If recreationists alter their travel behavior because of
capacity restrictions, we need to consider how that behavior
changes. There is no evidence that allocating excess demand
by waiting in line or requiring reservations changes travel
behavior in such a way that first criterion for the travel-cost
method is violated. The travel-cost method will underesti-
^The research on which this publication is based was supported in part by the Illinois Agricultural Experiment Station and in
part by funds provided by the U.S. Department of the Interior, as authorized under the Water Resources Research Act of
1964 as amended.
^Graduate Research Assistants and Assistant Professor of Forestry Economics.
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mate benefits only when there is no queueing or reserva-
tions and when the recreationists must travel to the site to
find out if they will be admitted. This is because the first
criterion no longer holds, i.e., an individual will react to an
increase in entry fees in the same manner as to an increase
in travel cost. Recreationists must pay the entry fee only if
they are admitted to the site; however, they must incur the
travel cost just to have the chance to use the site. Thus,
they would alter their behavior less with a $1 increment in
entry fees, which must be paid only if they are admitted,
than with a $1 increment in travel cost which is certain
either way. This bias, however, is easily corrected by mul-
tiplying the slope of the trip-demand curve by the probabil-
ity that a visit from any origin is made [McConnell and
Duff, 1975] . Thus, we believe it is reasonable to conclude
that the travel-cost method can be used to accurately mea-
sure recreation benefits at an existing site, even when there
is a capacity constraint.
PROPOSED SITES, OR CHANGES IN SITE CAPACITY
However, capacity constraints do require special atten-
tion in estimating recreation benefits when: (1) a model
estimated at a site with no capacity constraint is used to
estimate benefits at that site after a capacity constraint is
imposed; (2) a model estimated at a site with no capacity
constraint is used to estimate benefits at a site which has a
capacity constraint; and (3) a model estimated at a site with
a capacity constraint is used to estimate benefits at a site
with a different (or no) capacity constraint.
The basic problem presented by a capacity constraint
is the need to determine its impact on trip-making behavior,
especially on who will enter the site under a particular
capacity constraint and who will be excluded. The problem
can be stated in generalized form as follows:
W(Q)
o J
Q
P(Q') • f(Q) dQ'
where
W(Q) = the expected benefits of any one individual
P(Q ) = tne inverse demand function
f(Q) = the probability density function of enter-
ing the site under a capacity constraint
The key problem in estimating recreation benefits
under a capacity constraint is to estimate the probability
density function of entering. As an illustration, assume a
uniform distribution, i.e., every visit that would be made to
the site in the absence of a constraint has an equal probabil-
ity of being made when there is a constraint. Thus
f(Q)
where Qm is the number of desired visits at zero price.
Benefits then become
Qm O
/
Qm P(Q) dQ
This is equivalent to multiplying the average willingness to
pay per visit by the number of visits. Such a simple situa-
tion is the most easily handled behavior with respect to a
capacity constraint.
Here are three simple examples that illustrate the prob-
lems posed by capacity constraints in estimating recreation
benefits and the means for handling them. In all three ex-
amples, the simple travel-cost method is used where visits
per capita from a given origin to a particular site are a func-
tion of the cost of traveling from the point of origin to the
site. Linear curves for trip demand and a small number of
origins are assumed. The simple models facilitate calcula-
tions and do not limit the usefulness of the conclusions
drawn.
Example 1. Evaluating the recreation benefits of an
existing site after a capacity constraint has been imposed.
Assume the following travel cost information for a site with
no capacity constraint. (Table 1.)
Table 1. Basic Data for Site I with No Capacity Constraint
Point of No. of Visits
origin Population visits per capita
Trip
cost
A 1,000 2,000 2 $8
B 2,000 8,000 4 6
C 3,000 24,000 8 2
-m
These data yield a trip demand curve of vj: = 10 — Cj:,
where vj: = the visits per capita of residents from origin i
(in this case origin A, B, or C) to site j and (in this case site
I) and cj: = the round-trip cost per person of visiting site j
from origin i. In subsequent discussion we will use standard
matrix notation for origins and destinations.
The curves for trip demand and aggregate demand for
site I are illustrated in Figure 1 and Figure 2. Procedures
for deriving these curves are presented by Clawson and
Knetsch [1966] and by Dwyer, Kelly, and Bowes [1977] .
The total willingness of users to pay for site I when visita-
tion is not restricted by a capacity constraint is $114,000,
the area under the aggregate demand curve in Figure 2.
Assume that a capacity constraint of 17,000 visits per
year is imposed. Such a restriction might be imposed to
protect the site, reduce congestion, or lower operating costs.
The recreation benefits of the site under this constraint
would depend on the willingness to pay of those who are
allowed to use the site. This, in turn, would depend on how
the capacity constraint affects trip-making behavior.
^In this and subsequent examples, we have assumed that visitation under a constraint can be predicted accurately.
If the pricing mechanism were employed to reduce use,
a charge of $3 would cut the flow of 17,000 visits (Figure
2). With the pricing mechanism, only those potential users
with the highest willingness to pay (S3 or more per visit)
would use the site. The total willingness of users to pay
would be represented by the shaded area in Figure 2, or
$89,000. The average willingness to pay would be $89,000
divided by 17,000, or $5.24 per visit.
If a reservation system were used or if recreationists
had to wait in line outside the site, it is not immediately
clear which recreationists would use the site. Three general
categories of assumptions have been made. First, consumers
with the highest willingness to pay will use the site. This
assumption was made by Brown and Johnson [1973] with
respect to a reservation system under which reservation
holders could sell their reservations. Second, consumers
using the site will have an average willingness to pay equiva-
lent to that of those who used the site in the absence of a
capacity constraint. This assumption is based on an equal
probability of all visits from each origin being made to the
unconstrained site as to the constrained site, and was ad-
vanced by Cicchetti, Fisher, and Smith [1976] and by
Dwyer, Kelly, and Bowes [1977]. Third, consumers with
the lowest willingness to pay will enter the site. This
assumption was advanced by Nichols, Smolensky, and
Tideman [1971] and by Visscher [1973] ; but the fallacy
of their argument was pointed out by Brown and Johnson
[1973].
If each visit which would have been made in the ab-
sence of a capacity constraint has an equal probability of
being made with the constraint, the number of visits from
each origin to site I (Table 1) would be reduced to half the
previous level. The trip demand would be vj: = 5 — ^C;;.
The total benefits would be $5 7,000. The average willing-
ness to pay would be $3.35 per visit. The same estimate of
2 4 6 8
Visits Per Capita
Trip demand, site I. (Fig. 1)
8 12 16 20 24
Thousand Visits
28 32 36
Aggregate demand, site I. (Fig. 2)
benefits could have been derived by multiplying the average
willingness to pay from the site without a capacity con-
straint (S3. 35) by the expected number of visits under the
constraint (17.000).4
The above analysis assumes that visitors at each point
of origin would react similarly to the capacity constraint
and would reduce their visits to half the previous level. We
might assume that visitors from farther away would be re-
stricted more by the constraint than those living closer to
the site. This may be the result of a higher cost being
attached to the possibility of being turned away after mak-
ing the trip. For example, the 1 7,000 visits to the site might
be allocated as follows: 100 from origin A, 500 from origin
B, and 16,400 from origin C. To compute the total benefits
in this case, we need to derive separate demand curves for
visits to site I from each point of origin. This can be done in
a manner similar to the derivation of an aggregate demand
curve (Table 2).
Site demand curves for visits from each of the three
points of origin are presented in Figure 3. The expected
benefits and use from each origin as calculated from the area
under the site demand curves in Figure 3 are given in Table 3.
Knowing the average willingness to pay for users from
each point of origin and the number of visits expected from
each source to site I, the total benefits are easily calculated
(Table 4).
Note that under these assumptions, the benefits
($67,000) exceed those estimated under the assumption
that visits from each point of origin are reduced by the
same percentage i S3 7, 000), but are not as high as under the
assumption that only those with the highest willingness to
pav will use the site ($89,000). This result points out the
importance of correctly identifying the willingness to pay
for the visits that are actually made to the site when a capac-
ity constraint is imposed.
When estimating the benefits at a proposed site, a
model developed at an existing site or sites is often used.
The appropriate procedure would be to apply the trip
demand curve developed from an existing site (or sites) to
the population in the market area for the new site [Dwyer,
Kelly, and Bowes 197 7] . This procedure requires knowledge
about the impact of a capacity constraint on use at the
existing site and proposed ones. The easiest case is illustrated
in Example 2, where a trip demand curve developed for a
^Note that there would be a slight difference in benefits here because the average willingness to pay is rounded to S3. 35.
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Table 2. Derivation of Aggregate Demand Curves for Visits to Site I
Point of origin A Point of origin B Point of origin C
User Trip Visits No. of Trip Visits No. of Trip Visits No. of
fee cost per capita visits cost per capita visits cost per capita visits
$0 $ 8 2 2,000 $ 6 4 8,000 $ 2 8 24,000
1 9 1 1,000 7 3 6,000 3 7 21,000
2 10 8 2 4,000 4 6 18,000
3 11 9 1 2,000 5 5 15,000
4 12 10 6 4 12,000
5 13 11 7 3 9,000
6 14 12 8 2 6,000
7 15 13 9 1 3,000
8 16 14 10
Table 3. Willingness To Pay for Visits to Site I
Average
willingness
Point of Willingness No. of to pay
origin to pay visits per visit
A $ 2,000 2,000 $1
B 16,000 8,000 2
C 96,000 24,000 4
site with no capacity constraint is used to evaluate a site
that will have a capacity constraint. Example 3 presents a
more difficult case where benefits for a new site are to be
estimated by using the trip demand curve developed from a
site with a capacity constraint.
Example 2. Estimating benefits for a new site with a
capacity constraint by using a demand curve developed
from a site with no capacity constraint. Assume that the
trip demand curve developed from existing sites is vj: =
Cj:. Basic data for the new site II are given in Table I
8
<D
s.\
\\\
N.\
Origin A
Origin B
Origin C
\X\
\\\
\\\\
D 4 8 12 16 20 24
Thousand Visits
Demand for site I. (Fig. 3)
Table 4. Willingness To Pay for Visits to Site I
with a Capacity Constraint
Average
willingness
Point of No. of to pay Willingness
origin visits per visit to pay
A 100 $1 $ 400
B 500 2 1,000
C 16,400 4 65,600
Total 17,000 $67,000
Table 5. Basic Data for Applying the Simple Travel-Cost
Model to a Proposed Site (Site II)
Point of
origin Population
Trip
cost
Visits
per capita
Total
visits
D
E
1,000
5,000
4
2
4,000
10,000
In the absence of a capacity constraint and using the
trip demand curve generated for site I, the total visitation
at the new site becomes 14,000 visits; and total benefits,
$18,000. The average willingness to pay will be $18,000
divided by $14,000, or $1.29 per visit.
Let us assume a capacity constraint of 10,000 visits. If
visits from each point of origin that would have been made
in the absence of a capacity constraint are equally deterred
by the capacity constraint, those recreationists who enter
the site under the constraint will have the same average will-
ingness to pay per visit as those who would have entered
without the constraint, $1.29 per visit. The total willingness
to pay would then be $1.29 per visit times 10,000 visits, or
$12,900.
Alternately, assume that the potential visits from each
origin will not be deterred equally; rather, that the visits
from point E are reduced by a larger percentage than those
from point D. Thus, 8,000 visits will come from point E
and 2,000 visits from point D. The site demand curve for
each point of origin (Figure 4) is constructed as shown in
Table 6.
<1>
0)
4
3
2
1
\ Origin D
Origin E
\
\
\
2 4 6 8
Thousand Visits
10
capacity-related problem that can be encountered in esti-
mating recreation benefits. It is necessary to consider the
impact of capacity constraints at the site where the demand
was estimated, as well as at the new site to which it is applied.
The problem is most easily handled when the capacity
constraint at the site where the model was developed influ-
ences visitation so that each visit that would have been
made in the absence of a capacity constraint has an equal
probability of being made under the constraint. For ex-
ample, we might take the trip demand curve vj: = 5 — J4C::
which was developed in Example 1 for site I under a capac-
ity constraint where visits from each origin are reduced by
the same percentage. If the demand is applied to site II
from Example 2, the benefit estimation procedure would
be as given in Tables 7 and 8.
Table 7. Basic Data for Applying the Simple Travel-Cost
Model to a Proposed Site (Site II)
Demand for site II
. (Fig. 4) Point of Trip V] sits Total
Derivation o f the Aeereeate Demand Curves
origin Population cost per capita visits
Table 6
for Visits to Site II
D 1,000 $ b 2 2,000
E 5,000 8 1 5,000
Origin D Origin E
User Trip Visits No. of Trip Visits No. of
fees cost per capita visits cost per capita visits Table 8. Derivation of the Aggregate Demand
Curve for Site II
4 4,000 $ 8 2 10,000$0 $ 6
1 7 3
2
3,000
2,000
9
10
1 5,000 Origin D Origin E
2 8 Visits Visits
3 9 1 1,000 User Trip per No. of Trip per No. of Total
4 10 fee cost capita visits cost capita visits visits
$ $ 6 2 2,000 $ 8 1 5,000 7,000
1 7 1.5 1,500 9 .5 2,500 4,000
The average willingness to pay for trips from point D 2 8 1 1,000 10 1,000
would be 58,000 divid ed by 4,000, or $2 per visit. The 3 9 .5 500 11 500
average willingness to pay frorr l point E equals $10,000 4 10 12
divided by 10,000, or $1 per visit 5 11 13
The total benefits for the site, therefore, are 12 times
the expected number of visits from point D (2,000), plus
$1 times the expected number of visits from point E
(8,000), or a total of $12,000 in benefits. This is less than
the estimate of benefits obtained when we assumed that
potential visits from each origin had an equal probability of
being made under the capacity constraint. Benefits are
lower in the present case because visits from point D, for
which there is a higher willingness to pay, are reduced by a
higher percentage than the visits from point E.
Note that it is necessary to have an estimate of the un-
constrained trip demand curve in order to estimate the aver-
age willingness to pay for visits from each point of origin.
Thus, it is preferable to develop trip demand curves for sites
where there is no capacity constraint.
Example 3. Estimating benefits for a new site using a
demand curve developed from a site with a capacity con-
straint. Using a demand curve developed from a site where
there was a capacity constraint is perhaps the most difficult
The total benefits for the site would then be $9,000,
the area under the aggregate demand curve in Figure 5.
12 3 4 5
Thousand Visits
Aggregate demand, site II. (Fig. 5)
-6-
However, if we assume that there will be no constraint on
use at the new site and that visits are expected to be 14,000
with no entry fee, the total benefits would then be calcu-
lated as follows. At 7,000 visits, the total benefits are
$9,000 and the average value per unit is $9,000 divided by
7,000 or $1.29. This, when multiplied by the 14,000 visits
expected at the site, gives us total benefits of $18,000, or
precisely the same value that we derived in Example 2 using
the demand curve for the unconstrained site (vj; = 10 — Cjj).
If the demand curve is developed for a site where visits
from each point of origin are altered differently by the con-
straint, it is necessary to have an estimate of the uncon-
strained trip demand curve in order to estimate the site
benefits. This may prove to be a difficult estimation
procedure.
SUMMARY
The existence of capacity constraints at recreation sites
requires careful attention to procedures for estimating recre-
ation benefits. Few capacity-related problems are en-
countered in using the travel-cost method to estimate the
willingness of users to pay for visits to an existing site.
However, capacity constraints present some significant
problems in estimating the benefits for proposed sites or
the value of existing sites that have been subjected to new
or altered capacity constraints. These problems are handled
most easily if the capacity constraint is such that each visit
that would have been made to the site or sites in the absence
of a capacity constraint has an equal probability of being
made under the constraint. In the absence of information
about the influence of various capacity constraints, such as
reservations, waiting in line, or forcing users to travel to
another site, it seems most realistic to assume that the
above assumption is appropriate. When estimating trip
demand curves at existing sites for application to other sites,
it is desirable to use sites where there are no capacity
constraints.
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THREE-P SAMPLING BY COMPUTER
Dieter R. Pelz 1
December, 1977
The 3-P sampling technique (Probability of Selection
Proportion to Prediction) was developed by Grosenbaugh in
1963. Since then, it has found wide application in forestry.
Three-P sampling is being used to determine volumes in
timber sales and forest inventories and for specialized studies
such as fuel inventories. In many cases, 3-P sampling is
more efficient than either 100-percent inventories or other
sampling methods.
The theory underlying 3-P sampling and successful
applications of it have been described in the literature by
several authors in detail Grosenbaugh [1963, 1964, 1967]
,
Johnson et al. [1967] , Schreuder et al. [1971] , Goldsmith
et al. [1976] , Wiant [1976] , and others. Therefore, only a
brief review of the field procedure will be given here.
Three-P sampling is a form of PPS (sampling propor-
tional to size) sampling in which every element has to be
visited and its size estimated. In tree sampling, the term
"size" may refer to diameter, basal area, height, volume, or
some other measurable characteristic. Volume is used here.
The field operations contain the following steps.
1. Determining the sample size (n), the same as with any
sampling procedure, and estimating the population
total, X, and the maximum tree volume, K.
2. Determining the range of random numbers by the
formula
Estimate > K —i.e., if the individual esti-
mate is larger than the
prior estimate, measure
tree regardless of random
numbers and keep this
value separate. (It will be
added later to the total; it
is a tree with a selection
probability of 1.00.)
Calculating the appropriate statistics. Computer programs
are available to do this for larger samples.
Total volume Y
n n
I
Yi
Xi
i=l i=l
i.e., the total volume is the sum of all the individual
volumes, corrected by the average ratio of tree volume
to the estimate.
Standard error S.. —
/n
Yi
n
- 22 (£ 2Xi - Y)Z
i
Xl
-ii= 1 i= 1
n(n-l)
Z = *
n
K
Coefficient of variation CV % 100
Random numbers may be taken from any random num-
ber table, or they can be generated by a computer pro-
gram in the given range [Grosenbaugh, 1964] .
3. Visiting each tree and estimating its volume. Follow this
procedure: Record the estimate. Compare this estimate
with a random number between 1 and (Z+K). If
Estimate ^ random number —measure the tree exactly
and record this value.
Estimate < random number —the tree is not included in
the sample, so continue to
next tree.
1 Assistant Professor of Biometrics, Department of Forestry.
DESCRIPTION OF THE 3-P SIMULATOR
The program is written in interactive Fortran. It
assumes terminal input and output. The 3-P simulator
allows volume estimates in three units: (1) board foot
volume (International lA inch); (2) cubic foot volume; and
(3) cubic meter volume. The first section of the program
asks for the volume unit to be used, and then prints several
diameters and tree heights with the corresponding volumes
as examples.
The total data base comprises 81 hardwood trees from
a forest inventory conducted in Illinois. From the data base,
40 trees are selected at random. These trees are sampled by
3-P to provide a varying data base for repeated runs.
At the beginning of each run the total volume of all
trees and the maximum tree volume have to be estimated in
order to calculate the range of the random numbers.
For each tree, the diameter in inches (or centimeters)
and the height in feet (or meters) are displayed. The esti-
mated volume for this tree is entered. The program responds
with a random number between 1 and (K+Z). The user
then decides whether to include the tree into the 3-P
sample. If the response is not correct, the program prints
out a message and asks for a reevaluation.
In the following example, one correct and one incorrect
response are shown. The entries in italics are user specified.
All others are printed on the terminal by the program.
DBH= 18
HEIGHT = 40
VOLUME ESTIMATE = ? 200
RANDOM NUMBER = 145
DO YOU WANT TO INCLUDE THIS TREE? YES
DBH= 12
HEIGHT = 24
VOLUME ESTIMATE = ? 100
RANDOM NUMBER = 127
DO YOU WANT TO INCLUDE THIS TREE? YES
INCORRECT RESPONSE - IF RN < ESTIMATE
TREE SHOULD NOT BE INCLUDED
TRY AGAIN: YOUR ESTIMATE WAS 100 RANDOM
NUMBER: 127
DO YOU WANT TO INCLUDE THIS TREE? NO
After all 40 trees have been estimated, the program cal-
culates and prints the 3-P estimate of the total volume, the
standard error, the sample size, the average correction
factor, and the true volume.
The following example is based on a sample size of 4
(the actual 3-P sample size), which can differ from the
number originally specified due to the random selection of
trees. The specified sample size was n = 5. The total esti-
mated volume was 7,500 board feet. The estimated maxi-
mum tree volume was 800 board feet.
3-P Sample Trees
DBH Height
Volume
estimate
True
volume Ratio
22 32 350 362 1.034
14 40 150 163 1.086
28 40 700 700 1.000
26 24 400 410 1.025
1.0362
At the end of each run, the following information is
printed:
THREE-P ESTIMATE OF TOTAL VOLUME
7,963 (board feet)
STANDARD ERROR
138.9118 (board feet)
COEFFICIENT OF VARIATION
1.73%
SAMPLE SIZE
4
AVERAGE CORRECTION FACTOR
1.0362
TRUE VOLUME
7,815 (board feet)
The actual 3-P sample size equalled 4 rather than 5,
as originally specified. The total volume was 7,963 board
feet, with a standard error of estimate of 138.92 board
feet. On the average, the tree volumes were underestimated
by about 3 percent. Therefore, the estimated volumes had
to be corrected by a factor of 1.0362. The true volume of
7,815 board feet is given for comparison with the estimate.
A listing of the computer program may be obtained
from the author on request. The simulator is written in
interactive Fortran, as noted, and is operable on the CDC
CYBER 175.
(" START )
READ VOLUME
IDENTIFICATION
_1_
CALCULATE ALL TREE
DIAMETERS. HEIGHTS, AND VOLUMES
IN APPROPRIATE UNITS
_L
READ SAMPLE SIZE (n)
POPULATION TOTAL (X)
MAXMUM VALUE (K)
_1_
CALCULATE RANDOM NUMBER RANGE
3:
PRWT DIAMETER AND HEIGHT |T
READ VOLUME ESTMATE <Xj>
SUM VOLUME ESTIMATES
PRINT RANDOM NUMBER 1RN)
READ DECSON WHETHER
TO MO-UPS WOVOUAL
PMNTESTMXTE AND
RANDOM NUMMR I
YES—
1
CALCULATE AND RECORB RATIO;
ESTttMTE VOLUME/TRUE VOLUME
CALCULATE AMD PRtiT:
3P-P0PULATON ESTKUTE,
SWCARD ERROR,
~
"OF VfUWnOH
F*CTOR,
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RELATIONSHIP OF WOOD SPECIFIC GRAVITY, HEIGHT; AND*
DIAMETER OF WHITE PINE TO GEOGRAPHIC SOURCE OF SEED
A.R. Gilmore and J.J. Jokela
April, 1978
Numerous studies have shown variation in the physical
properties of certain conifer species that could be linked to
genetics. But most of the studies pertained to the southern
pines with little attention being given to eastern white pine
(Pines strobus L.). In 1955 a provenance study was begun
by several cooperators based on white pine seed collected
from stands throughout its natural range. One of these
outplantings was in west central Illinois, about 100 miles
south of the most southerly range of white pine in the
Mississippi River Valley. This plantation provided an
opportunity to study the relationship between different
chemical and physical characteristics of white pine and
geographic races of this species. The monoterpenes of the
trees in this stand have been reported (Gilmore and Jokela,
1978). The relationship to source of seed of wood specific
gravity, diameter, and height of the trees in the stand are
reported in this paper.
METHODS
Seed from 16 provenances of white pine were obtained
from trees growing in areas shown in Table 1 and planted
during the 1957 growing season in the state nursery at
Morgantown, North Carolina.
In 1959, 2-0 seedlings of all provenances except
Michigan were planted in four-tree row plots, replicated 12
times. The Michigan source was planted in 1961 as 2-1
stock. The experimental trees were spaced 2 feet apart, in
rows spaced 14 feet apart. White pine seedlings (2-0) of
Iowa origin were planted between each row as "fillers,"
making rows 7 feet apart. After 11 growing seasons the
trees used as "fillers" were cut and removed.
Survival at the end of the first growing season ranged
from 52 to 90 percent.Trees that died were replaced in
1961 with 2-2 surplus stock which had been grown the last
two years in the Mason State Tree Nursery in Illinois.
Survival of provenances after the 1973 growing season
ranged from 90 to 100 percent and averaged 97 percent.
At the end of the 1974 growing season, when the trees
were 16 years old, the plantation was thinned so that no
more than two trees were left in each row plot. The uncut
trees represented the best of the largest trees. Before a tree
was felled during the thinning operation, total height and
diameter at breast height (dbh) were measured. After a tree
Table 1. Description of Eastern White Pine Provenances
Location
North
latitude
West
longitude
Elevation
in feet
Union County, Georgia (GA)
Greene County, Tennessee (TN)
Pulaski County, Virginia (VA)
Monroe County, Pennsylvania (PA)
Franklin County, New York (NY)
Penobscot County, Maine (ME)
Ashland County, Ohio (OH)
Allamakee County, Iowa (IA)
Cass County, Minnesota (MN)
Forest County, Wisconsin (WI)
Newaygo County, Michigan (MI)
Algoma District, Ontario (ON)
Pontiac County, Quebec (PQ)
Lunenburg County, Nova Scotia (NS)
Transylvania County, North Carolina (NC)
Greenbrier County, West Virginia (WV)
34 46'
36°00'
37°05'
41°05'
44° 25'
44
c
'51'
40
c
'45*
43
c
'28'
47
c
'23'
45
c
'51'
43
c
'30'
46
c
'10*
47
c
'30'
44 25'
35° 14'
38°02'
84
c
'03'
82
c
'48'
80
c
'50'
75''25'
74
c
'15'
68
c
'38'
82
c
'15'
91
c
'30'
94
c
'25'
88
c 54'
85
c 40'
82
c
'37'
77
c 00*
64
c 35'
82
c
'38'
80 30'
2,450
2,250
2,400
1,800
1,600
150
1,000
1,000
1,300
1,500
600
650
1,000
150
2,120
2,600
A portion of this research was supported by funds from the Illinois Agricultural Experiment Station, Mclntire-Stennis Project
55-234, and North Central Regional Project NC-99. The authors are Professor and Associate Professor, respectively,
Department of Forestry.
was felled, a 1-inch-thick cross section from the stump end
of the butt log was taken to determine wood specific
gravity deterioration. The diameter of each disc was
measured and wood specific gravity was determined from
oven-dry weights and green volume, with volume calculated
using the water displacement principle.
The data were analyzed according to a complete
randomized design, and differences between provenances
were determined by the least significant difference method
(Steel and Torrie, 1960).
RESULTS AND DISCUSSION
wood almost as dense as that of the Iowa source (0.356).
We did not find a significant correlation between wood
specific gravity and tree volume (height and dbh). But if the
Tennessee and Iowa sources, which did not seem to fit any
pattern, were excluded from the statistical analysis, the dbh
explained 42 percent of the variation in wood specific
gravity. Thor and Bates (1973) reported similar results for
this tree species.
The results obtained in this study substantiate those
results reported by Lee (1974) for a similar provenance
study of 15-year-old white pine.
The average wood specific gravity of sample trees is
shown in Table 2. Wood specific gravity ranged from 0.315
to 0.358; significant differences were found between
provenances. The average wood specific gravity found in
this study is slightly higher (0.338 vs. 0.304) than the
average reported by Gilmore (1968) for white pine of
unknown seed sources planted throughout Illinois, but
lower (0.338 vs. 0.368) than reported by Thor and Bates
(19 7 3) for white pine in eastern Tennessee. These
differences in Illinois cannot be attributed to age as the
average age for the Illinois plantations reported in 1968 was
13 years contrasted to 16 years in our study.
No significant correlation was found between wood
specific gravity and geographic location (latitude and
longitude). For example, the Iowa source, which had the
next-to-shortest trees and the smallest diameters, also had
the highest wood specific gravity (0.358). But the Georgia
source, the tallest and the next-to-largest in diameter, had
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Table 2. Heights, Diameters (dbh), and Wood Specific Gravity of Sample Trees at end of 1973 Growing Season According to
Seed Source3
Average height
(feet)
Average diameter
(inches)
Average wood
specific gravity
GA 30.7
TN 29.5
NC 28.8
PA 28.6
WI 27.5
MI 27.3
OH 26.7
NS 25.7
wv 25.7
MN 25.0
ON 24.9
NY 24.6
VA 23.6
PQ 23.2
IA 20.3
ME 19.2
TN 6.39
GA 6.24
PA 5.80
OH 5.72
NC 5.58
MI 5.51
WI 5.20
WV 4.95
NS 4.89
MN 4.96
VA 4.55
PQ 4.53
ON 4.47
NY 4.26
ME 3.58
IA 3.58
IA .358
GA .356
NC .351
MI .343
OH .343
NS .341
PA .341
MN .339
VA .336
WI .336
ME .334
WV .332
PQ .330
TN .328
NY .325
ON .315
Mean 25.7 Mean 5.00 Mean .338
aAny two averages not included within the same line appearing to the right of each ranking of source are significantly different
at 5-percent level.
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NUTRIENT FLUNKS IN PRECIPITATION, THR~OUc]hFAIt\/*
AND STEMFLOW IN AN OAK-HICKORY FOREST OF SOUTHERN ILLINOIS'
G.L. Rolfc, M.A.Akhtar, and L.E. Arnold 2
June. 1978
Atmospheric inputs of nutrients in precipitation and
dustfall have been studied for years in geochemical research
(Junge 1963. Gorham 1961). Recently, these inputs have
also received considerable attention in studies of ecosystem
nutrient budgets (Fisher et al. 1968, Cole et al. 1967, Li-
kens et al. 1967, Carlisle et al. 1966).
These nutrients entering the system are deposited on leaf
surfaces and may be carried downward in throughfall or
stemflow, or may be adsorbed or absorbed by the plant
(W'ittwer and Teubner 1969. Carlisle et al. 1966). Some nu-
trients may also be leached from leaves or twigs by precipi-
tation (Eaton et al. 1973, Attiwill 1966, and Mecklenburg
and Tukey 1964). Generally, the longer water remains on
leaf surfaces, the greater the amount leached per unit quan-
tity of precipitation.
Nutrient inputs to the forest floor depend on varying
precipitation quantity and quality, and on the extent of fo-
liar washing and leaching mechanisms occurring in the sys-
tem. The present study was initiated in 1973 as a portion of
a total watershed-ecosystem study designed to characterize
the nutrient dynamics of oak-hickory forests in southern Il-
linois. The specific objective of this paper is to evaluate the
role of precipitation, throughfall, and stemflow as nutrient
return mechanisms to the forest floor.
DESCRIPTION OF THE STUDY AREA
Research plots were located near the Dixon Springs Ag-
ricultural Center, Pope County, Illinois. The area has a con-
tinental climate with cold winters and hot summers, and
receives the highest amount of precipitation within the
state, averaging 102 to 117 cm annually, fairly evenly dis-
tributed throughout the year (Page 1949). However, since
late summer droughts are quite common, lack of adequate
moisture limits growth during portions of the year.
This area, known as the Shawnee Hills, is part of the
Ozark uplift. The northern border of these hills marks the
deepest penetration of glacial ice into Illinois (Leighton et
al. 1948). Soils have developed under forest vegetation in
varying depths of loess deposited over residual sandstone
with smaller amounts of limestone. Advanced weathering
has made soils of the study area thin (60 cm) and generally
poor in nutrients. The soils of the study area are predomi-
nantly the Wellston-Muskingum complex (Ultic Hapludalf)
and Grantsburg silt loam (Typic Fragiudalf).
The hardwood vegetation is characterized by oaks [Quer-
cus), hickories (Carya), and maples (Acer) as defined by
kormondy (1969). The study area is dominated by white
oak (Quercus alba L.) which, together with red oak [Qiier-
cus rubra L.), makes up 85% of the total biomass. Sugar
maple [Acer saccharum Marsh.) and hickory [Carya glabra
(mill.) Sweet) are dominant in the remainder of total site
biomass. The average age of stand dominants is 150 years
and the total species diversity in the tree stratum is 12
species.
METHODS
Three representative plots 0.04 hectare large were es-
tablished in each of two community types (xeric and mesic).
Plots were selected subjectively following examination of
aerial photographs. Criteria included in selection were
stand density, accessibility, slope, aspect, and soil charac-
teristics. A 100% inventory including dbh and height
measurements of all trees and saplings over 3.8 cm dbh was
completed after plot selection.
Precipitation
Four rain gages 15.24 cm in diameter were located in
two open fields adjacent to the research plots. Data from
one standard U.S. Weather Bureau rain gage, located about
one kilometer from the study area, were also included.
Thirty -seven collections were made in 1973, 1974, and
1975.
Throughfall
Sixteen gages 15.24 cm in diameter were established in
each of six plots, totaling 96. Throughfall was also collect-
ed during 37 storms over the study period.
Stemflow
At least three trees belonging to dominant, codominant,
and overtopped classes were selected in each plot. Species
were selected in order of their stand importance; thus, oaks
were sampled heavily. Each tree was fitted with an alumi-
num collar to collect the stemflow. a drainage pipe, and a
below-ground water storage tank lined with plastic. Stem-
flow was measured on a total of 19 trees of various size
classes and species during the 37 storm periods.
The total annual collection per tree was divided by its
crown area to determine the magnitude of stemflow in cm
1 Supported in part by Mclntire-Stennis Project :>5-308, Illinois Agricultural Experiment Station.
2 Associate Professor, Research Assistant, and Forester, respectively, University of Illinois, Department of Forestry.
for each tree. The weighted average was calculated using
proportion of total species biomass to obtain a representa-
tive stemflow value for the entire forest.
Sample Analysis
Samples were collected and frozen immediately following
storm events. Analysis for K, Ca, and Mg was by atomic ab-
sorption spectrometry (Ediger 1973). P was determined by
the single solution method reported by Murphy et al.
(1962). Total nitrogen was by kjeldahl methods described
by Peterson et al. (1964).
RESULTS AND DISCUSSION
Concerning the total water-carried nutrients (116 kg/ha/
yr), 38% was contributed by precipitation, 35% by through-
fall, and approximately 27% by stemflow. Total quantities
of the various elements and their relative proportions in pre-
cipitation, throughfall, and stemflow are given in Table 1.
Throughfall has a higher total K. and Mg, but stemflow con-
tributed more Ca. This is primarily because the foliage is
the major source of K. and Mg while the bark contributes
more Ca. Precipitation is the major contributor of N and P.
These results support the conclusion of Eaton et al. 1973
that nutrients generally associated with organic molecules
such as N and P move very slowly from the forest canopy
to the forest floor, while those elements generally occur-
ring in the ionic form (e.g., K) move more rapidly because
of their increased availability.
Table 1. Nutrient Flux (kg/ha/yr and percentage) in Precipitation,
Throughfall, and Stemflow in Oak-Hickory 3
N Ca Mg Total
Precipitation
Pet. of nutrient
contribution 80 59 25 31 27
Pet. of nutrient
composition 40 3 28 25 4 100
Kg/ha 17.7 1.3 12.1 11.1 1.7 43.9
Throughfall
Pet. of nutrient
contribution 15 36 43 33 56
Pet. of nutrient
composition 8 2 52 29 9 100
Kg/ha 3.3 .8 20.9 11.9 3.5 40.4
Stemflow
Pet. of nutrient
contribution 5 5 32 36 17
Pet. of nutrient
composition 4 1 50 42 4 100*
Kg/ha 1.2 .1 15.6 13.2 1.1 31.2
Kg/ha of nutrients 22.2
Pet. of total nutrients 19
2.2 48.6 36.2 6.3 115.5
2 42 31 5 100*
aTotal flux = 38% precipitation, 35% throughfall, and 27% stemflow.
*Totals reached by rounding off.
The concentration of ions in precipitation decreased in
the order N>K>Ca>Mg>P (Table 2). For throughfall and
stemflow the order was slightly changed to K>Ca>Mg>N>
P. This reflects the generally increased availability of the
cations in and on the foliage and bark. These data compare
favorably with data for throughfall and stemflow reported
by Mahendrappa 1974, Eaton et al. 1973, and Gosz et al.
1969.
Nutrient concentrations in all components also varied
considerably with season of the year as shown in Table 2.
On the basis of precipitation input, concentrations and to-
tal nutrient flow were generally several times higher during
summer than in winter. These temporal variations may be
related to a range of factors including source, frequency,
and intensity of precipitation, pattern of dustfall, presence
or absence of foliage, and seasonal agricultural and construc-
tion activities in the adjoining area.
Table 2. Seasonal Variation in Nutrient Concentrations (ppm)
in Precipitation, Throughfall, and Stemflow in Oak-Hickory
Av i- rage concentration of nutrients
N P K. Ca Mg
Precipitation
4 winter months .005 .438 .741 .091
4 summer months .103 1.615 1.148 .178
Year ( 12 months) 1.355 .173 .930 .848 .133
Throughfall
4 winter months .015 1.167 1.104 .191
4 summer months .182 2.695 .992 .403
Year ( 12 months) .306 .073 2.940 1.102 .328
Stemflow
4 winter months .024 6.380 7.750 .828
4 summer months .130 9.361 5.242 .688
Year (12 months) .681 .031 9.283 7.812 .662
Throughfall concentrations were also considerably high-
er during the summer, reflecting the presence of foliage on
the trees and the increased leaching time of that foliage.
Monthly data for specific elements demonstrate that most
elements reached a maximum concentration in the early
fall near the time of leaf abscission (Table 3).
Table 3. Concentrations of K, Ca, and Mg (ppm) in
Throughfall During the Growing Season
(April through October)
April May June July August September October
K 2.1 2.0 1.9 1.8 1.9
Ca .6 .6 .3 .7 .7
Mg .1 .2 .2 .3 .6
2.4
1.0
.6
2.9
1.2
.9
The above information supports the data of Gosz et al.
1969 and Eaton et al. 1973, but differs from that reported
by Reiners 1968, which showed a decrease in Ca and Mg to-
ward the end of the growing season in three vegetation
types in Minnesota. Numerous other investigations have
demonstrated seasonal variations in throughfall and stem-
flow, including those of Denaeyer-DeSmet 1966, Voight
1960, and Madgwick and Ovington 1959. The increased loss
of these cations toward the end of the growing season is
probably caused by senescence of the foliage (Stenlid 1958).
Stemflow also shows considerable variation in nutrient
concentrations, especially by species. The highest total nu-
trient concentrations occurred in stemflow from white oak.
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Total concentrations (summing N, P, K, Ca, and Mg) in de-
creasing order are: white oak 42 ppm, hickory 18 ppm, tu-
lip poplar 16 ppm, sugar maple 13 ppm, and red oak 10
ppm. Stemflow volumes which involve tree characteristics,
such as crown size and shape, bark roughness, etc. are also
very different. Total nutrient inputs in stemflow are shown
in Table 4.
Tabic 4. Nutrient Inputs (kg/ha/yr) in Stemflow
of Important Species in Oak-Hickory Forest
N P K Ca Mg Total
Hickory 2.2 A 17.2 18.7 2.3 40.8
Maple 7.5 .7 20.3 18.3 1.7 48.5
Red oak 2.2 .1 9.0 4.9 .8 17.0
Tulip poplar 1.6 .1 11.7 4.5 2.0 19.9
White oak 1.5 .3 18.7 21.0 1.4 42.9
Maples and individual trees contribute more nutrients
than any species. However, since 85% of the total biomass
consists of oaks, total nutrient inputs to the site in the form
of stemflow are dominated by the oaks.
Stemflow, in comparison to precipitation and through-
fall, is relatively important in K. and Ca flux to the forest
floor, but unimportant regarding N and P because of the
relative availability of K and Ca compared to that of N and
P, which are primarily in organic forms.
CONCLUSIONS
Comparing nutrient inputs by these water-related path-
ways to that of litterfall, we find that inputs in litterfall
are approximately twice that of precipitation, throughfall,
and stemflow (221 kg/ha/yr and 116 kg/ha/yr, respective-
ly). However, nutrients remain in litter up to 30-40 months
in these oak-hickory forests (Akhtar et al. 1976). There-
fore, the readily available nutrients associated with these
water-related pathways are perhaps more critical in terms
of short-term ecosystem function. Nutrients entering the
forest floor in solution form are very important in meeting
immediate nutrient demands of the growing forest.
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Microenvironmental Conditions Under Old Field and Pine Cover in Southern Illinois: Soil Moisture
S.L. Warren and G.L. Rolfe
At the time of settlement, nearly 85 percent of the land
in southern Illinois was covered by deciduous forest, most
of which was of high quality [Spaeth, 1948] . The better
soils were cleared for agriculture. Only those too rocky or
too steep to farm were left in forest. Poor land-use practices
coupled with the fact that many of the loessial soils were
easily eroded led to large-scale land abandonment, particu-
larly during the depression years of the 1930's. A reforesta-
tion program on abandoned lands began during these years,
with the advent of the Civilian Conservation Corp and the
establishment of the Shawnee National Forest.
Because the site quality of this abandoned land in
southern Illinois had been lowered so much that native
hardwood species could not be successfully re-established,
it was necessary to plant species with less-exacting site re-
quirements [Minckler, 1952] . Two southern pine species,
shortleaf pine (Pinus echinata Mill.) and loblolly pine (Pinus
tacda L.) were selected. They proved to be very successful
[Boggess and Gilmore, 1963] .
Bazzaz [1968] completed the only comprehensive
study of natural succession from abandoned agricultural
land to hardwood forest in southern Illinois. The process is
a slow one, particularly when compared to successional
rates in the southeastern United States where pine quickly
invaded old fields and the entire successional sequence to
hardwood forest may be completed in 200 to 300 years
[Oosting, 1942].
Arnold [1966] examined these planted pine plantations
to determine what ecological role such interjected plant
communities might have in the reversion of abandoned agri-
cultural land to stands of native hardwood. He determined
that the pine plantations had reduced the time required for
the reestablishment of oaks by 25 to 50 years.
PURPOSE AND STUDY DESIGN
The purpose of this study was to develop a comprehen-
sive picture of the microenvironmental conditions in two
areas of similar age: an abandoned field and a loblolly pine
plantation. The variables measured were air and soil temper-
ature, net radiation, wind speed, and soil moisture. With
this information, the microenvironmental differences be-
tween the two study areas could be compared, possibly
leading to a partial explanation of the observed acceleration
in succession. This paper presents results of the soil mois-
ture study.
Very little comparable work has been reported, partic-
ularly with abandoned fields. Della-Bianca and Dils [1960]
examined the soil moisture in a 40-year-old plantation of
red pine (Pinus resinosa Ait.) and in an old field in Michi-
gan. They found an inverse relationship between soil-
moisture levels and the amount of vegetative cover during
the growing season. Marston [1962] worked with five cover
types: cleared, broomsedge, brush, pine, and oak in south-
eastern Ohio. He found an increasing deficit in soil moisture
during the growing season with increasing vegetative cover.
The amount of precipitation required to recharge the soil
profile was also affected by the cover, due to variable inter-
ception to losses by evaporation and transpiration.
In a study of soil mosisture under several piedmont
cover types including forest, old-field grass, and cleared
areas, Metz and Douglass [1960] reached a similar conclu-
sion. Li [1926] compared soil moisture under four cover
types: barren, herbaceous, young white pine, and mature
white pine. He found that the moisture in the upper 9
inches of soil was highest in the barren plots and lowest in
the herbaceous plots. Soil moisture at the lower depths
showed little difference in all plots.
DESCRIPTION OF THE STUDY AREA
The study was conducted on an abandoned field and a
loblolly pine plantation that were adjacent. The two areas
were located in the vicinity of the Dixon Springs Agricul-
tural Center in Pope County, Illinois.
The climate of the area is continental in character, with
cold winters and hot summers [Page, 1949]. July is the
warmest month of the year, with a mean temperature of
26. 7°C. January is the coldest month, with a mean tempera-
ture of 2.8°C. The length of the growing season, defined as
the number of days between the date of the last killing
frost in the spring and the first one in the fall, is 180 to 200
days. The winds are mostly from the southwest, west, and
northwest. Southwest winds are common in the summer
and northwest winds in winter.
The area receives the highest amount of precipitation in
Illinois, averaging 118 centimeters annually [Arnold,
1977] . The distribution of precipitation is relatively uni-
form throughout the year. However, the highest monthly
precipitation occurs during March, April, and May. Septem-
ber and October are the driest months. Of the total annual
The work reported here was supported in part by the Illinois Agricultural Experiment Station, Project 55-343. The authors
are Research Assistant and Associate Professor, respectively, Department of Forestry. Special thanks to Richard Zimmerman
and L.E. Arnold, Associate Forester, and Forester, respectively, in the Department of Forestry for their assistance in the
installation and maintenance of field equipment.
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precipitation, less than 10 percent falls as snow, with the
highest amount occurring in February [Page, 1949] .
The pine plantation was planted in 1937 with a spacing
of 1.8 by 1.8 meters. The stand now has an average height
and diameter breast high of 24.4 meters and 22.9 centi-
meters respectively. No silvicultural practices had been
carried out on the plantation, although some thinning has
occurred due to severe winter storms.
The plantation contains abundant hardwood vegetation.
Arnold and Boggess [1971] working in the southern Illinois
region reported that the total number of seedlings per acre
in pine plantations varied from 2,200 to 6,500, with red
oak and cherries being the most prominent.
The field was abandoned approximately 40 years ago,
and contains a mosaic of habitats. Dominant in the tree
layer are persimmon (Diospyros virginiana L.) and sassafras
(Sassafras albidum Nutt.). These species are also important:
Eastern red cedar (Juniperus virginiana L.), winged elm
(Ulmus alata michx.), and yellow poplar (Liriodendron tu-
lipifera L.). In the herb layer, broomsedge (Andropogon vir-
ginicus L.) and goldenrod (Solidago altissina L.) are the
dominant species [Bazzaz, 1968] .
One soil type was involved in the study, Grantsburg silt
loam, a typical fragiudalf. The Grantsburg series contains
light-colored soils developed under forest vegetation on
slopes of 2 to 18 percent in less than 200 centimeters of
loess over sandstone residuum or bedrock. The surface (un-
eroded) is a silt loam 20.3 to 30.5 centimeters thick, under-
lain by a silty clay loam B horizon. A moderately well-
developed silt pan (fragipan) occurs in the lower B and C
profiles, usually at depths of 76.2 to 91.4 centimeters. The
fragipan is massive in structure, hard, and compact. It is the
"least permeable horizon," limiting the downward move-
ment of water and offering some mechanical impedance to
root penetration. The fragipan is a very highly weathered
and leached soil.
The rainfall in 1976 was 91.1 centimeters. This was ab-
normally low. The mean annual rainfall is 118.4 centi-
meters. The rainfall for August and December was only 1.1
and 1.7 centimeters, respectively. Less than 4.6 centimeters
fell in each of three other months (Figure 1). The rainfall
for 1977 was 117 centimeters (assuming average rainfall in
December). This was approximately equal to the 39-year
average of 118.4 centimeters. The yearly distribution was
abnormal. March, August, and September received an extra
15.2, 3.3, and 3.6 centimeters of moisture, respectively.
April was lower than average by 6.7 centimeters (Figure 1).
The study period began March 18, 1976, and is contin-
uing. Twenty months of data are reported here. Rainfall
was measured at the Dixon Springs Agricultural Center
weather station, approximately 2 kilometers northeast of
the study area. Reliable calibration has not been deter-
mined for the depth of 71.1 centimeters in the field. Thus,
that material is not presented.
RESULTS AND DISCUSSION
The soil-moisture cycle of seasonal depletion and re-
charge was evident at all sampled depths in the study area.
The maximum and minimum points were reached during
the recharge and depletion of soil moisture. The differences
in magnitude of the peaks and troughs are attributable to
variations in precipitation. Assuming the rainfall pattern re-
mains constant, this cyclic moisture regime should continue
with only minor differences until the vegetation or soil
characteristics change. These trends are similar to curves for
moisture depletion and recharge established in other studies
[Boggess, 1956; Metz and Douglass, 1959; Dahms, 1971].
The soil was recharged at the beginning of the growing
season. The moisture loss to evaportranspiration was at a
maximum from the upper part of the soil profile. As the
summer advanced, moisture in the surface layer was de-
pleted and moisture from deeper portions of the profile was
required from transpiration. A high root biomass combined
with evaporation causes a quick moisture depletion in the
surface layers. Decreasing root biomass and evaporation re-
sult in a decrease in the rate of moisture depletion with in-
creasing depth (Table 1). These results are similar to other
studies where soil depletion rates were indicative of differ-
ences in root biomass [Brown and Bourn, 1973; Douglass,
I960].
When the moisture-storage capacity of the soil profile is
limited by soil depth or the presence of a hard-pan forma-
tion, adequate moisture can be maintained only by fre-
quent rains throughout the growing season [Boggess,
1956] . When moisture levels are inadequate, a trend in the
depletion of soil moisture occurs throughout the growing
season. Depletion trends are evident in this study and the
rate of depletion can be pronounced, as shown in Figure 1.
Boggess [1956] working in southern Illinois described the
same moisture-depletion trend. Fletcher and Hull [1963]
found that midcontinent sites with subsoil pan formations
close to the surface tend to be wet in the winter and spring
and dry in the summer and fall.
MATERIALS AND METHODS
A tier of Colman fiberglas blocks was installed on a ran-
domly selected site in each area [Colman and Hendrix,
1949; Hendrix and Colman, 1951] . Individual blocks were
placed at depths of 2.5, 5.1, 10.2, 20.3, 50.8, and 71.1 cen-
timeters. The blocks were calibrated by frequent field
sampling adjacent to the installation. The moisture content
of these samples was determined by oven-drying and weigh-
ing. The soil moisture is expressed as percent soil moisture.
Readings were taken weekly.
Table 1. Root Weight in the Pine and Old Field
Root weight (kg. /ha.)
Depth (cm.) Pine Field
to 7.6
7.6 to 15.2
15.2 to 30.5
30.5 to 45.7
4212
2576
3196
935
2263
1092
288
127
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Percent soil moisture, by depth, in the pine plantation and the old field, and weekly precipitation. (Fig. 1)
-4-
The old field and the pine plantation were compared to
determine whether there were any significant differences at
the sampled depths over the 20-month study period.
Monthly comparisons were also made. All statistical com-
parisons were made at the 0.05 level of confidence.
The percentage of soil moisture was significantly higher
over the study period in the pine plantation at the 2.5-
centimeter depth, while the abandoned field was signifi-
cantly higher at the depths of 5.1 and 20.3 centimeters. No
significant differences were found at the other depths sam-
pled.
At the 2.5-centimeter depth, the higher soil moisture in
the pine plantation can be attributed to many factors, the
most important of which is evaporation. Evaporation of
water from the soil is controlled by the evaporating power
of the air [Metz and Douglass, 1959] . Several factors are
involved: the air and soil temperatures, intensity of sun-
light, and atmospheric humidity [Li, 1926] .
The radiation reaching the soil surface in the field was
significantly higher in a study conducted by Morgan and
Old [1972] in which they compared a forest and a prairie
than in our data. Hanks [1958] found that with environ-
mental conditions such as moisture content held constant,
vaportatiou was directly proportional to soil temperature.
Soil temperatures during the growing season were signif-
ica tly lowi r in the pine plantation (Table 2). Higher soil
t- r-.perature- in the field result in a greater loss of moisture
.
rough e\ -^oration. Selleck and Schuppert [195 7] com-
paring ev.i]'. national losses in a pine forest and a prairie
found moisture losses in the prairie exceeded those in the
forest by a factor of four.
Another major factor is the role of the litter layer as a
ground cover—reducing evaporation and surface runoff, in-
creasing infiltration, and insulating the soil surface from ex-
treme temperature [Sartz, 1973; Rowe, 1955; Rowe,
Table 2. Soil Temperature at 2.5 Centimeters, Pine and Old
Field
Soil temperature
at 2.5 centimeters
January3
February
March
April
May
Junea
July*
August
September
October
November3
December3
Pine Old
plantation field
degrees, Centigrade
2.3 -0.4
1.8 0.6
10.4 11.7
12.6 15.0
14.1 17.9
19.9 24.1
22.0 26.7
21.6 23.6
16.1 18.1
14.3 13.2
6.8 1.8
3.8 -1.6
Significant at the .05 level of confidence.
1948] . The abandoned field in this study benefits from a
thin and patchy litter layer, but to a much lesser extent
than the forest.
Still another factor is the interception of precipitation
by the pine canopy and understory. This reduces runoff
loss by slowing down the rate at which water moves into the
soil surface. A sizeable proportion of the intercepted rain-
fall reaches the soil as stemflow. This reduces overland flow
by concentrating the water where conditions are ideal for
infiltration [Hoover, 1953].
The rate of infiltration is ultimately determined by the
soil conditions. Rolfe and Boggess [1973] found that
southern Illinois pine plantations had a significantly higher
hydraulic conductivity compared to similarly aged old
fields, and thus a higher rate of infiltration. Miceli et al.
[1975] and Hoover et al. [195 3] , both working with lob-
lolly pine, found that 33 and 17 percent, respectively, of
the precipitation intercepted reached the ground as stem-
flow.
Interception also occurs in the old field but consider-
ably less than in the pine. Dunford and Niederhol (1944)
found both an open forest stand and a grassland intercepted
a smaller percentage of the precipitation when compared to
a fully stocked stand.
The factors just given, taken in combination, tend to
produce higher moisture levels in the 2.5-centimeter layer
of the pine plantation soil than at other depths. This occurs
despite the fact that the water losses by transpiration are
higher in the pine stand than in the old field.
Monthly comparisons showed significantly higher soil
moisture levels during March, April, June, July, August, and
September than otherwise. Conditions favoring evaporation
decrease during the other five months (the dormant season)
of the year, allowing the field to reach a high recharge level.
Consequently, no significant differences exist at the 2.5-
centimeter level between the two areas in terms of soil
moisture.
In contrast to the 2.5-centimeter depth, soil moisture
was significantly higher in the abandoned field at depths of
5.1 and 20.3 centimeters. The mulching effect of the drying
surface in the field and water loss during the winter months
through transpiration in the pine plantation are two impor-
tant reasons. As the surface layer in the field begins to dry,
it acts like a mulch—reducing the moisture loss by evapora-
tion by providing cover and reducing the surface tempera-
ture [Hanks and Woodruff, 1958; Hanks et al., 1961]
The pines are transpiring to a small extent during the
winter months, especially on milder days, resulting in some
moisture depletion. However, soil temperature is generally
the limiting factor in water absorption during the winter
months [Kramer, 1952]
.
In this study, the pine plantation had warmer soil tem-
peratures throughout the winter months with significant
differences occurring even during the coldest months of the
year. The result is greater water losses in the pine plantation
than in the old field (Table 2).
Marston [1962] compared moisture losses in a pine
plantation and in a brush field. He determined that an ad-
ditional 2.8 centimeters of water was required to recharge
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the soil profile to field capacity in the pine plantation com-
pared to the brush field. These differences were a result of
losses to interception, evaporation, and transpiration during
the recharge period.
In a study by Rolfe and Boggess[1973] , an old field
had significantly higher levels of organic matter than pine
plantations at all depths. This enabled the field to retain
more water as it percolated through the soil profile, since
organic matter has excellent water-absorbing capacity
[Coile, 1940].
Interception by the pine canopy and litter layer begins
to have a negative effect at these depths by reducing the
total amount of incoming precipitation. Hoover [1953]
found 10-year-old loblolly pine reduced the net rainfall by
14 percent. Miceli et al. [1975] reported that 25-year-old
loblolly pine reduced the net rainfall by 20 percent.
This could possibly limit the recharge period in the
lower depths. The lower the depth in the soil profile, the
more total incoming water is required for saturation. Water
loss due to interception by the canopy, herbaceous layer,
and litter layer is also a factor in the field, but to a much
lesser extent.
The pine plantation ultimately has more water reaching
the lower depths in the soil profile than the old field. How-
ever, higher total transpirational water losses result in the
lower moisture levels.
Monthly comparisons were made and significantly
higher moisture levels were found in the field during Janu-
ary, February, March, April, October, November, and De-
cember at 5.1 and 20.3 centimeters. This illustrates seasonal
differences with decreased evapotranspiration in the old
field due to the loss of leaves in the deciduous species dur-
ing the dormant season and the continued transpirational
losses in the pine plantation. No significant differences were
found over the study period at the 10.2 and 50.8 centi-
meters.
The 50.8-centimeter depth showed the minimum
change in moisture percentage from season to season for all
depths sampled in both study areas. This is due to the mini-
mal root biomass at that depth, which reduces transpira-
tional water losses and minimal evaporation. Similar results
were obtained by Hallin [1967] , with moisture losses near-
ly equal in an adjacent cutover area and old-growth Douglas
fir. Li [1926] found that the soil moisture of the lower
depths differed very little under herbaceous cover, young
white pine, and mature white pine.
Conclusion and Summary
The introduced pine serai stage had a minimal effect on
soil moisture in the study area, especially during the grow-
ing season. However, the significantly higher moisture levels
in the upper 2.5-centimeter layer may be very important in
processes such as seed germination and early seedling
growth. Many researchers consider soil moisture to be the
controlling factor in seed germination [Billings, 1938;
Barrett, 1931; Korstian, 1927]. Bourdeau [1954] also
pointed out the importance of moisture in seedling estab-
lishment and suggested that the high mortality of good site
oak species (northern red and white oak) on poor sites was
due to their inability to withstand drought conditions. The
pine plantation maintains high moisture levels in the upper
horizons of the soil, favoring the germination and establish-
ment of those species.
Improved soil moisture is only a part of the picture,
though. Better soil conditions in general as well as cover
and a readily available source of seed have also contributed
to the increased hardwood reproduction found in pine plan-
tations in the study area.
The interaction of environmental factors has resulted in
a significant difference in the form of moisture loss be-
tween the two cover types. In the pine plantation, moisture
loss is primarily through transpiration. Evaporation is per-
haps the more important form of moisture loss in the old
field.
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ANALYZING TRENDS IN BOAT REGISTRATIONS: AN APPROACH
TO ESTIMATING THE IMPACT OF WATER RESOURCES DEVELOPMENTS
June, 1978
John F. Dwyer and Andrew T. Allen
The additional opportunities for recreation provided by
new projects to develop water resources may have a signifi-
cant impact on participation in recreation activities within a
region. The magnitude and spatial distribution of this impact
is likely to be a function of the size and other characteristics
of the development, its proximity to population centers,
and the substitute resources available to user populations.
The impact of water-resource developments on recreation
participation is often modeled from origin-destination stud-
ies of users. Models based on travel costs estimate the in-
fluence of a new water-resource development on participa-
tion and on the willingness of users to pay for access to the
resource [Knetsch, Brown, and Hansen 1976; Dwyer, Kelly,
and Bowes 1977] .
Efforts to identify the impact of increased recreation
participation on a regional economy often include estimates
of the expenditures made by those who use the facilities at
a new development. Interviews with recreationists, the
operators of business establishments catering to them, or
both are usually the basis for such studies.
This report presents an indirect approach utilizing a sec-
ondary source, the trends in boat registrations by county,
to estimate some of the ways a water-resources develop-
ment affects the recreation participation and expenditures
in a region. A model is presented, and is applied to a large
reservoir. The results are compared to those obtained by
using other methods.
THE MODEL
Our hypothesis is that the construction of a large reservoir
which provides boating opportunities will induce an in-
creased ownership of boats per capita among individuals
living in the vicinity of the reservoir. The trend in boat
ownership is an impacted area is hypothesized to have the
pattern shown in Figure 1. The upward shift in the function
after completion of the project estimates the reservoir-
induced increase in boat ownership per capita. A further
hypothesis is that the upward shift in per capita boat own-
ership in an area will decline as the distance from the res-
ervoir and the availability of substitute boating opportun-
ities increase.
YEAR
Expected impact on boat ownership, Lake Shelbyville.
(Fig. 1)
The model is estimated using the following equation:
PCB
t =a, +a 2 Tt + a 3 Dt
where: PCB t
Tt
a 2
= per capita boat ownership in year t for
the population of a particular area.
= a variable reflecting the year in which
boat ownership per capita is to be esti-
mated.
= a binary variable: 0, in the pre-comple-
tion period; 1, in the post-completion
period.
= the intercept of the function reflecting
per capita boat ownership in the pre-
completion period.
= a coefficient reflecting the annual in-
crease in per capita boat ownership in
the pre-completion and post-completion
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periods.
<*3 =the increase in intercept for the func-
tion that predicts per capita boat owner-
ship in the post-completion period.
0(3 + <*!= the intercept for the function that pre-
dicts post-completion boat ownership
per capita.
Note that the model imposes common slopes on the func-
tion for completion of the lake is assumed to result in a
sharp increase in boat ownership, after which the trend in
ownership will return to the pre-completion rate. The model
further assumes that time (the year) and the completion of
the reservoir are the only variables affecting trends in boat
ownership per capita. More elaborate models may be devel-
oped to test for changing rates of increase in boat owner-
ship in the post-completion period; however, a lack of
observations in the post-completion period precludes such
testing in this report. See Johnston [1972] for a discussion
of these models.
Areas where the term a3 is significant define the region
of impact on boat ownership. Multiplying a 3 by the area's
population produces an estimate of the reservoir-induced
increase in boat ownership.
An alternative method for estimating reservoir-induced
changes in boat ownership would be to interview boat pur-
chasers and boat dealers and try to determine those pur-
chases that were induced by the creation of the reservoir.
ESTIMATING THE REGIONAL IMPACT
OF LAKE SHELBYVILLE
The model was applied to Lake Shelbyville—a large,
multi-purpose reservoir of 11,000 acres constructed by the
U.S. Army Corp of Engineers. The lake began filling in
1970, and is now a major recreation area. Currently, Lake
Shelbyville provides 3 million visitor-days of recreation per
year.
The lake has created many opportunities for water-based
recreation in an area where few such opportunities existed
previously. Prior to the completion of Lake Shelbyville, res-
idents of nearby areas had very limited opportunities for
boating on large lakes. Thus, it would be reasonable to
expect a significant number of residents not to have boats
before the lake was constructed and to purchase boats in
order to take advantage of the new boating opportunities
provided.
Data on boat registrations in Illinois are summarized by
the county of residence for the boat owners. This informa-
tion provides a good approximation of boat ownership, if
the trends in registrations are due to boat purchases rather
than to the registration of previously owned, but unregister-
ed, boats.
In Illinois, all boats that are mechanically propelled or
sailboats over twelve feet long must be registered. Thus, it is
possible to apply the model outlined previously to counties
located near the lake and to determine whether the lake
had a significant impact on boat registrations there. The
counties where significant impacts are identified can then
be plotted on a map to approximate a zone or region of
impact.
Data on boat registrations in all Illinois counties were
obtained for the period 1962-1975. Per capita registrations
for each county by year were calculated by dividing the reg-
istrations purchased by residents of each county-by-county
population. In setting up the model, it was assumed that
after 1971 consumers had fully reacted to the completion
of Lake Shelbyville and had returned to their normal pur-
chasing patterns. Thus, 1962-1971 represented the pre-
completion period (D
t
= 0) and 1972-1975, the post-com-
pletion period (D
t
= 1). In the equation, t equals 1 14
for the years 1962 to 1975.
The model was estimated for counties surrounding Lake
Shelbyville and was found to be significant for 1 1 degrees
of freedom t
.0 2S ~ 2.20 in twelve counties. These coun-
ties are listed in Table 1 by their order of magnitude
according to the a3 value (indicating the increase in inter-
cept). The region defined by these counties is identified in
Figure 2.
Table 1. Estimated Increases in Boat
Registrations Induced by Lake Shelbyville, 1972 and 1975
Change and significance
Number of
Per additional
County thousand t value registrations
Moultrie 24.8 7.40 330
Shelby 18.3 5.97 410
Piatt 13.0 5.13 200
Douglas 8.72 3.68 170
Macon 8.12 5.13 1,020
Cumberland 6.46 2.20 60
Coles 6.17 3.97 290
Sangamon 4.87 3.98 790
Logan 4.38 3.47 150
Champaign 3.65 4.91 600
Macoupin 2.92 2.43 130
Ford 2.88 4.90 50
4,200
Note that the highest estimates of a 3 are for the coun-
ties adjacent to Lake Shelbyville, decreasing with the dis-
tance from the lake (Figure 3). This is to be expected since
the counties located nearest the lake are the ones most likely
to be heavily influenced by the availability of new boating
opportunities. Similar results are usually obtained in travel
cost demand studies in which a function relating per capita
visits to travel cost is developed [Clawson and Knetsch 1966;
Dwyer, Kelly, and Bowes 1977] . The impact of Lake
-3-
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Shelbyville extends further to the north and east of the lake
than to the south. This is probably due to the prior influence
of Lake Carlyle, another large multi-purpose reservoir com-
pleted in 1967 which is south of Lake Shelbyville. By 1971,
Lake Carlyle already influenced the residents of the counties
to the south of Lake Shelbyville. (See Figure 2.)
Thus, the results obtained in the present study are con-
sistent with the stated theory of the spatial distribution of
participation. This theory holds that the distance from the
resource and the availability of alternatives are the key
determinants of participation rates.
Estimated region of impact, Lake Shelbyville. (Fig. 2)
<
COMPARISON WITH OTHER STUDIES
The impact region defined in this study lies mostly within
75 miles of the Lake Shelbyville. Much of it is within 50
miles. Estimates made by the Corps of Engineers indicate
that 70 percent of the visits to the lake for all purposes are
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Estimated impact according to distance from Lake Shelby-
ville. (Fig. 3)
made by persons living within 75 miles, and 59 percent by
those within 50 miles [Dwyer and Espeseth 1977] .
The results of this analysis compare favorably with two
previous analyses of marina users at Lake Shelbyville. An
unpublished study by the U.S. Army Corps of Engineers,
St. Louis District, in 1974 and a subsequent study by Dwyer
and Espeseth [1977] identified the points of origin for
individuals who rented spaces at marinas on Lake Shelby-
ville.
The region defined in this study included points of origin
for 89 percent of those reported by Dwyer and Espeseth
[1977]. The Corps of Engineers study identified primary
and secondary market areas for marinas at Lake Shelbyville.
These regions (Figure 4) closely approximate the region
defined by this study. The major difference concerns the
extent to which Lake Shelbyville influenced recreation
behavior in the area that lies between it and Lake Carlyle.
ESTIMATED INCREASE IN BOAT PURCHASES
The analysis presented here also provides estimates about
boat purchases induced by the completion of Lake Shelby
ville. The increases in intercept (a 3 ) for the twelve counties
were multiplied by the county populations to derive esti-
mates for increased registrations. The results are shown in
column 3 of Table 1. Although the highest increases per
capita in boat registrations (0:3 ) were found in the counties
near the reservoir, the largest increases in boat registrations
occurred in the more populated counties located further
away
.
The purchase prices of these additional boats are not
known. Many of the boats on Lake Shelbyville are large,
and represent investments in excess of 520,000. If the boats
and associated motors and other equipment purchased in
-4-
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Comparative regions of impact for Lake Shelbyville, present
study and the 1974 Corps of Engineers' study. (Fig. 4)
response to the lake averaged $2,000 in value (a conservative
estimate), the total expenditure would be something in
excess of $8 million.
So the model used in this study appears to provide results
that are consistent with the theory of recreation participa-
tion and with past studies of the boaters using marinas at
Lake Shelbyville.
The points at which these expenditures are made are not
known either; but they are likely to have been made in the
study region, with potential concentrations in the areas
where the owners are located and near the lake. Marinas on
the lake sell boats, as do firms in nearby towns and in most
urban centers in the study region.
SUMMARY
A multiple linear-regression analysis of trends in boat
registrations, by county, for Lake Shelbyville in Illinois
demonstrates a feasible method of identifying the area in
which a reservoir has a major influence on the purchase of
boats. The impact region defined by this method and the
spatial distribution of effects over the region are consis-
tent with basic theory concerning recreation behavior, and
compare favorably with market studies of marina users on
the lake.
The analysis also provides estimates of the increase in
boat purchases generated by the reservoir. The method,
which is easily applied at low cost, is likely to be an effective
way of estimating the impact of major changes in the avail-
ability of water-based recreation resources on the per capita
ownership of boats.
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ESTIMATING THE INFLUENCE OF CONGESTION ON THE WILLINGNESS
OF USERS TO PAY FOR RECREATION AREAS
David J. Ravenscraft and John F. Dwyer
July, 1978
Congestion or crowding can have a significant influence
on the willingness of users to pay for the use of recreation
areas. If the influence of congestion is not accurately reflect-
ed in models for estimating the willingness of users to pay,
it is unlikely that correct estimates will be obtained. This
paper presents methods for applying the interview and travel
cost models to estimate the willingness of users to pay for
an existing area where congestion exists. Also discussed are
the significant congestion-related problems that are encoun-
tered when a model developed at an existing area is used to
estimate willingness to pay for a proposed area. It is con-
cluded that more empirical estimation of the influence of
congestion on willingness of users to pay for recreation at a
number of diverse areas would facilitate the investigation of
congestion. With this information, the accuracy of benefit
estimation at proposed areas can be significantly increased.
Congestion occurs at a recreation area when the arrival
of additional users decreases the benefits received by exist-
ing users. Congestion is thus an important consideration not
only in estimating the benefits associated with an existing
or proposed area but also in determining use capacity. Con-
gestion frequently exists at public recreation areas because
these areas are scarce, are made available free or at a very
low charge, and do not utilize other rationing devices such
as reservations and quotas. If the desire to use public recrea-
tion areas continues to outstrip the availability of these
areas, congestion is likely to become increasingly significant
in the management of these areas and in recreation benefit
estimation.
Congestion is often an important consideration in esti-
mating the benefits associated with efforts to provide addi-
tional recreation opportunities. The reduction in congestion
at existing areas and the associated increase in benefits in-
duced by expanding an existing area or providing a new one
may be important in evaluating such proposals. In these
cases, ignoring congestion will result in underestimating the
benefits induced by these additional recreation opportu-
nities.
Congestion is also an important consideration in deter-
mining the optimal level of use for an area. If the influence
of congestion is ignored, a level of use may be allowed that
is so large that a reduction in use may actually increase total
benefits provided by the area. This will occur whenever
the benefits lost by a user who is turned away are less than
the increases in benefits received by all remaining users as
a result of reduced congestion. For an illustration of how to
find the optimal level of use for an area, see Smith and Kru-
tilla [1976].
This report will outline the current state-of-the-art with
respect to estimating benefits at existing and proposed areas
where congestion exists or is expected to exist, and will sug-
gest needs for future research to improve benefit estimation
procedures for these circumstances. The initial discussion
will present a model for analyzing the impact of congestion
on recreation benefits, which are defined in terms of the
willingness of users to pay use or entry fees. The model is
adapted from the work of Anderson and Bonsor [1974b] .
Subsequent discussion will analyze the empirical attempts
to estimate the effects of congestion on recreation benefits.
Recommendations for additional empirical research are
then made.
A MODEL OF CONGESTION
Much of the research on congestion has focused on trans-
portation systems. Congestion at recreation areas differs
from congestion in transportation systems and must be han-
dled quite differently. Efforts to evaluate congestion associ-
ated with transportation systems have focused on the time
and money costs induced [Walters, 1961 ; Wohl, 1971] . The
cost of highway congestion has been estimated in terms of
the time, maintenance, and fuel costs it imposes on travelers.
Therefore, in determining net benefits (benefits less costs),
congestion is entered in the cost function. No provision is
made for the lost benefits associated with the discomfort
experienced by users of the congested highway; the benefits
they received are assumed to be unaltered by congestion.
This approach is less appropriate for evaluating congestion
at recreation areas [McConnell, 1977; Cicchetti and Smith,
1976; and Anderson and Bonsor, 1974a] .
With recreation areas, congestion influences the quality
of the recreational experience and, consequently, the bene-
This research was supported in part by the Illinois Agricultural Experiment Station and in part by funds provided by the U.S.
Department of the Interior, as authorized under the Water Resources Research Act of 1964 as amended.
The authors are Graduate Research Assistant and Assistant Professor of Forestry Economics, respectively, Department of
Forestry.
-2-
fits received by an individual using the area. For example,
having another group pitch a tent on the campsite already
occupied by an individual may diminish the original occu-
pant's feeling of solitude and reduce the benefits received,
but it most likely will not induce a monetary cost. Conges-
tion associated with a recreation area should therefore be
considered as an externality entering as a variable in each
individual's utility function and consequently in the de-
mand function, as in Equation 1. The level of use at which
net benefits of an area are maximized can then be deter-
mined by taking the derivative of Equation 1 with respect
to actual use (q*); the results are shown in Equation 2. This
analysis is for any one time period in which demand is
steady. Demand may shift seasonally for various reasons
other than congestion effects, resulting in the need for opti-
mal prices and use levels that also vary over time. Equations
2 and 3 indicate that optimality requires the well-known
condition that use be restricted to the level at which price
will cover marginal cost plus the lost benefits imposed by
an additional user.
(1)
(2)
B = /q *p(q,c,t)dq - TC(q*,K,t)
3B_
dq*
- p(q*,c,t) + 3[ /
Cl p(q,c,t)dq]/ac
dc 6TC
9q* 9q*
=
p(q*,c,t) = MC-f5 -
oc
(3)
where:
B = net aggregate benefits produced by the area
p(q,c,t) = inverse aggregate demand function
TC = total cost function
MC = marginal cost
q = use
q* = actual use
c = congestion, c = f(q*,K)
K = physical capacity of the area (number of
acres, number of campsites, etc.)
The second term on the right-hand side of Equation 2
measures the effect of congestion on the willingness to pay
of all users whose benefits from using the area are reduced
by the arrival of an additional user. It is important to note
that Equations 1 and 2 deal with the aggregate benefits re-
ceived by all users. It is not necessary that all current users
be affected similarly by additional use. The influence of
congestion on benefits is a function of individual utility and
thus is not the same for every user.
Equations 1 and 2 can be interpreted graphically. First,
because additional congestion decreases the quality of a
recreation experience, it can be viewed as inducing a down-
ward shift in the demand curve for an area. This can be seen
in the figure below where d,, 62, and do are willing-
ness-to-pay curves for an area, each associated with a dif-
ferent (constant) level of congestion (use).
Note that models based on the travel cost and interview
methods will develop willingness-to-pay curves that reflect
1, -IJ
QUANTITY PER TIME PERIOD
the level of congestion at the time data used for model con-
struction were collected. User responses to questions con-
cerning willingness to pay (the interview method) will be
influenced by the existing level of use. Trip-making behav-
ior, upon which travel cost models are based, is also likely .
to be influenced by the level of congestion. In subsequent
discussion it will be assumed that willingness-to-pay curves
developed with the travel cost and interview method are
estimated for time periods with stable demand (constant
quality of experience and various constant levels of conges-
tion). These curves should be estimated under levels of con-
gestion (use) at which the area is to be subsequently
evaluated.
The higher curves on the figure indicate willingness to
pay associated with a lower level of congestion. The second
term in equation 2 indicates the change in area under the
willingness-to-pay curve, that is, change in benefits associ-
ated with a change in congestion induced by the added use
of the area. The term will be negative where congestion is
induced by the additional use.
The influence of congestion on benefits can be illustrat-
ed by contrasting the constant-congestion willingness-to-pay
curves, which might be developed by the travel cost or in-
terview methods, with the traditional demand curve
obtained through observing changes in consumption associ-
This assumes that potential users have accurate knowledge
of congestion at an area and that this influences their decis-
ions to travel to an area. There may, however, be a signifi-
cant information problem in that users may be unaware of
the exact level of congestion when they make a decision to
travel to and use an area.
The traditional demand curve is seldom observed for rec-
reation areas because a sufficiently wide range of prices is
not charged.
ated with price changes. If P, were charged for use of an
area and each individual would make q, visits, then
price-consumption point A would be observed (see figure).
As estimated by the travel cost or interview method, the
willingness to pay when total usage is held at the level of
point A is represented by d,. Similarly, if a lower price
were charged such that all individuals made q^ visits, then
the travel cost or interview methods would derive a new
and higher level of congestion and a willingness-to-pay
curve do. The fact that dn is lower than d, is a result of the
lower willingness to pay for a visit to a more congested
area. Willingness-to-pay curve do is based on the constant
level of congestion associated with zero entry fee and use
level qo. An observed demand curve based on the price-con-
sumption points A, B, and C is not appropriate for evalua-
tion of area benefits at any particular level of congestion
(use); rather, the relevant demand curve for estimating
benefits of an area at a given quantity of use is that for
which the level of congestion is held constant.
Consider the demand curve based on observed price con-
sumption points A, B, and C: Each point on the curve actu-
ally represents consumption of a different good, that is, of
an area at different levels of congestion. It can be seen from
the figure that estimating benefits through price changes will
result in overestimation. For example, if the price is to be
set at zero, then q,, visits will be made to the area, and do is
the relevant willingness-to-pay curve. The benefits are given
by the area OGC. The area under the observed demand
curve through points A, B, and C up to quantity q<j would
clearly be greater. The point here is that users at quantity
of use (congestion) q, do not experience the extra benefits
associated with being able to use the area at lower levels of
congestion, such as at use levels q, and q^, where individual
benefits would be higher.
This raises concern over the use of demand curves that
are based on observed changes in prices for use of an area.
A proposal for development and use of such a demand
curve was made by Stroup, Copeland, and Rucker [1976] .
Points on such an observed demand curve may be associated
with various levels of congestion and, as a result, are not di-
rectly useful for benefit estimation. The relevant curve for
benefit estimation at a particular level of congestion is the
willingness-to-pay curve for the level of (constant) conges-
tion at which the area is to be evaluated. The use of the
travel cost method or the interview method can, if carefully
applied, result in a willingness-to-pay curve with a constant
level of congestion—that is, if all the observations on which
they are based are obtained while there is little variation in
the level of congestion. The point is, travel cost models and
area-specific interview-based models estimate benefits for
an area only for the condition in which it is at the time of
the data collection. If the data are collected on different
days at various levels of congestion, and if congestion sig-
nificantly affects benefits, then aggregating the days to
form one travel cost model will result in misestimation of
benefits. At least, it will give no information on the benefits
that would exist at a given level of congestion. Moreover,
unless the congestion variable is isolated, it will be impossi-
ble, when congestion effects are not negligible, to (1) find
the optimal level of -use, (2) measure the benefits of changes
in the site that affect the interaction of individuals, and
(3) measure the benefits of a proposed area that has a level
of congestion or distribution of congested days different
from any existing area.
The figure illustrates the possible error in benefit estima-
tion associated with using a willingness-to-pay curve esti-
mated at a level of congestion other than the level at which
the area is to be evaluated. For example, if the willing-
ness-to-pay curve do, which was estimated at level of use
qo, is used to evaluate the area at use q, , where d, is the
appropriate willingness-to-pay curve, benefits will be signifi-
cantly underestimated because the additional benefits asso-
ciated with a low level of congestion will not be reflected.
Likewise, using curve d, to estimate benefits associated
with level of useqo will result in a significant overestimation
of benefits, for the estimate will not reflect the reduction in
benefits associated with the higher level of congestion.
AN ALTERNATIVE MODEL OF CONGESTION:
THE HOUSEHOLD PRODUCTION METHOD
In the above model it was assumed that goods themselves
(that is, the recreation area) gave individuals satisfaction
and that congestion gave individuals negative (or reduced)
satisfaction. Both the area and congestion were assumed to
be variables in the individual's utility function. In an alter-
native way of viewing congestion, the household produc-
tion method formulated by Lancaster [1966] , it is assumed
that goods have certain attributes, and it is these attributes
that give satisfaction to an individual. Goods are viewed as
inputs into a production function through which the indi-
viduals acquire attributes. For example, in recreation some
attributes might be solitude, exercise, and fresh air. To pro-
duce these attributes, an individual can use the services of a
recreation area, recreation equipment, travel time, and
travel cost. Congestion is thus viewed as affecting the pro-
ductivity of the inputs in producing satisfaction. The higher
the level of congestion, the lower the productivity of all
the inputs.
If we were to use the household production method to
empirically estimate congestion at an area, we would first
need to list the attributes individuals would expect to re-
ceive from the area. Next, we would measure how conges-
tion affects the productivity of the inputs used to gain
these attributes. Some attributes and thus their inputs
would be strongly affected by congestion, for example, the
attribute of solitude; others, such as absorbing the sun's
rays on a beach, would not be affected greatly by conges-
tion. This approach would be similar to the one taken by
Munley and Smith [1976] , who attempted to examine the
effect of one variable — experience — on an individual's will-
ingness to pay for white water recreation. Experience was
felt to positively affect the production of attributes in
white water recreation.
At its current state of development and application to
recreation, the advantage of the household production
model with respect to congestion is its insight into hypothe-
sis formulation. Its emphasis on attributes may be very help-
ful in explaining why we observe different congestion ef-
fects at different areas. For example, we would not expect
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somone to go to the popular areas of the Grand Canyon to
experience the attribute of solitude. Someone going to the
Spanish Peaks Primitive Area, however, would likely be
seeking such an attribute. Therefore, we would expect con-
gestion to have a more significant impact on user benefits at
the Spanish Peaks than at the Grand Canyon, even though
the level of use is much higher at the Grand Canyon.
This point helps to explain why Shelby and Nielsen
[1975] found the correlation between satisfaction and den-
sity measures for boaters on the Colorado River during the
1974 season to be not significantly different than zero. A
1975 replication of this study indicated that length of time
in sight of people accounted for only 1 percent of the vari-
ation in user satisfaction, and an August 1975 study of ca-
noeists, tubers, and fishermen on the Brule River in Wiscon-
sin indicated an insignificant correlation between use and
satisfaction [Heberlein, 1977]. Yet Stankey [1973] and
Cicchetti and Smith [1973] found that wilderness users
show significantly lower levels of satisfaction or reduced
willingness to pay when asked their reaction to hypotheti-
cal increases in encounters with other users in wilderness
areas. Perhaps wilderness users place a high value on the
attribute of solitude, while users of the Colorado River or
the Brule River in Wisconsin do not. McConnell [1977]
found significantly different levels of optimal use related
to congestion effects for beaches in Rhode Island, suggest-
ing that the users differ greatly with respect to their reac-
tion to congestion.
Currently, however, the household production function
presents many difficulties in the empirical estimation of the
impact of congestion on benefits. Thus, to obtain an empir-
ical estimate of the effect of congestion on benefits, plan-
ners must turn to the more traditional approaches of recre-
ation benefit estimation, the travel cost and interview
methods, which are discussed in the following sections.
ESTIMATING BENEFITS AT EXISTING AREAS
When estimating benefits of an existing area, it is diffi-
cult to ignore the effects of congestion. Users will automat-
ically take congestion into account in planning their activi-
ties; that is, they will travel shorter distances or indicate a
lower willingness to pay for congested areas. Thus, the de-
mand curve we observe when estimating benefits at an
existing area is a willingness-to-pay curve for the level of
congestion that existed when the curve was developed. If
the interview method is used, the user will state his willing-
ness to pay for the trip according to how he views the con-
gestion at the area on the date he is interviewed. Similarly,
with the travel cost method, users travel a distance that
reflects the amount of congestion they expect to encoun-
ter at the area. Other things being equal, a recreationist
will travel farther and be willing to pay more for an uncon-
gested area than for a congested one. The benefit estima-
tion for an existing area will therefore accurately reflect
congestion, if the model is developed at a representative
level of congestion.
Because the interview and travel cost models can esti-
mate the willingness-to-pay curve, it would seem possible
to estimate the effect of congestion on willingness to pay —
that is, to estimate benefits under various levels of conges-
tion—if there are a number of days at various levels of con-
gestion. Resource managers could then determine the
impact of congestion on benefits and decide on the approp-
riate level of congestion. There are, however, always other
factors besides congestion that determine different levels
of use at an area. To properly evaluate congestion, the
influence of these other variables on benefits must be
separated from the influence of congestion.
McConnell [1977] provides an illustration of using the
interview method to evaluate congestion experienced by
users. He surveyed 229 individuals at six Rhode Island
beaches. An individual's willingness to pay for a visit was
viewed as a function of congestion, air temperature, and
number of visits per season made by that individual. The
proxy used for congestion was attendance per acre at a given
point in time. An estimate of willingness to pay was ob-
tained by using the Davis [1963] bidding game technique
with $0.50 increments.
(4) InW = 4.7 + .00001Y - .0025qi + .076q2 - .058x
(1.0) (2.5) (2.5) (9.3)
where:
W = consumer surplus/visit
Y = family income in $
q, = congestion (attendance/acre)
q2
- air temperature (taken hourly in F)
x = visits per season
( )
= t-statistics
The interview method was selected over the travel cost
method because the variation in distances traveled to the
beaches was relatively small. The coefficient for congestion
(Equation 4) suggests that an extra 100 people per acre on
the average beach reduced the average individual's consum-
er surplus per day by about 25 percent.
Another possible approach to evaluating congestion at
existing areas is to directly solicit an individual's willingness
to pay for hypothetical experiences at various levels of con-
gestion. This approach was taken by Cicchetti and Smith
[1976] . Through a mail survey, they asked previous users
of the Spanish Peaks Primitive Area how their willingness
to pay would be affected by a hypothetical number of trail
encounters and camp encounters. Number of encounters
was felt to be a good proxy for wilderness congestion, on
the basis of Stankey 's 1969 survey of wilderness users
[Stankey, 1972]. As expected, trail and camp encounters
had a significant negative impact on the willingness to pay
for wilderness. Cicchetti and Smith's model is presented in
Equation 5 (R = .756, adjusted for degrees of freedom).
(5) In WBP - -.354 + .780LN - .069LN 2 - .083TN
(-2.322) (8.750) (-5.217) (-4.601)
-
.152CN + .020FY + 0.57WV + .362SX
(-8.044) (6.189) (8.308) (8.258)
The semilog form used in Equations 3 and 4 is the most
common functional form for regression equations involving
congestion. This is based on the belief that the absolute
dollar effect of congestion declines as the quantity of use
increases.
-5-
where:
WBP
LN
TN
CN
FY
WV
sx
-
individual willingness to pay (measured in dol-
lars) per trip when the encounters are with
backpacker (hiker) parties
length of stay of the trip in days
number of encounters on the trail per day
number of nights of camp encounters
income of household in thousands of dollars
weeks of paid vacation of the individual
sex of the individual, dichotomous variable
(1 = male, = female)
t-statistics
The only attempt to use the travel cost method in esti-
mating the impacts of congestion on recreation benefits was
Hastings and Tolley [1966] . Instead of measuring how con-
gestion affected one area, they attempted to measure how
far people would travel to go to a less congested area. They
assumed that the individual would take crowding at various
parks as given and would choose the distance he wanted to
travel. Given this assumption, they regressed distance as a
function of people per acre for 10 water-based state parks
on Long Island.
Although the Hastings and Tolley [1966] study is an in-
teresting attempt to use the travel cost method to estimate
the influence of congestion on benefits, it suffers from sev-
eral problems. The most serious of these is that the results
are an aggregate of all 10 areas. Since the areas are vastly
different and provide opportunities for different sets of ac-
tivities, the aggregate result cannot be applied to any single
area. That is, if a resource planner decided to increase the
space available per person at one of the areas, he could not
use the equation developed by Hastings and Tolley to esti-
mate the additional distance people would be willing to trav-
el to find increased space. For example, McConnell [1977]
discovered that the effect of increased space (less conges-
tion) was different for each of the six areas he evaluated. A
second problem is that it seems clear that additional space
is not the only reason people travel farther distances. People
will, in general, travel farther for a high-quality area. An in-
dex of attributes for the areas surveyed should be included
in the regression equation to avoid a missing variable prob-
lem that would bias the estimated coefficients.
It can be seen from this that the methodology exists for
estimating the impact of congestion on willingness to pay
for an existing area. The direct interview method can be
used, proposing hypothetical congestion levels to users and
soliciting their willingness to pay for various levels of con-
gestion. Alternatively, one can observe different levels of
congestion at an existing area and attempt to separate the
influence of congestion from other influences on benefits.
Much more significant problems arise, however, when we
attempt to use the results of evaluating an existing area to
estimate benefits at a new area.
ESTIMATING BENEFITS AT PROPOSED AREAS
Ideally, one would like to be able to take a travel-cost-
based equation or an interview-based equation developed at
an existing area with a given level of congestion and apply it
to a new area with the same or a different level of conges-
tion. Procedures for applying these methods to proposed
areas are provided by Dwyer, Kelly, and Bowes [1977] . If
the level of congestion were likely to be different at the
proposed area, the equation would be adjusted to reflect
the change in benefits. The amount of adjustment would be
determined by the estimate of the effect of congestion on
benefits found through regression equations such as the
ones presented above. For example, assume we proposed
another wilderness area similar to the Spanish Peaks Primi-
tive Area but with the expectation that on the average there
would be three camp encounters per visit instead of, say,
two at the Spanish Peaks. The average willingness to pay for
the proposed area would need to be decreased by 15 percent
(see Equation 5) to account for the loss in benefits associ-
ated with the additional camp encounter.
However, there are a number of difficult problems that
must be addressed before this type of procedure can be
used to estimate benefits with a reasonable degree of accu-
racy. One problem is that there have been no empirical at-
tempts to include congestion in estimating benefits at a
proposed area. In fact, questions have been raised about ex-
tending the results found at one area to other areas. For
example, Smith [1975] cautions against applying the re-
sults found for the Spanish Peaks to other areas.
In most cases these results cannot be extended beyond the
single area, so that the estimates derived using the area-specific
user survey method can only serve to improve management
and resource allocation decisions that relate to that area.
There are two basic reasons for this caution. First, area-
specific surveys that are used to estimate benefits provide
responses only of those who use the area. There is no indi-
cation of how many additional people would come if the
area were less congested. Thus, any estimate of the benefits
generated by reduced congestion on an area must be viewed
as a lower-bound estimate of actual benefits. Second, the
influence of congestion on benefits depends on the percep-
tion of the individual users. Therefore, areas may be similar
in their physical characteristics and still have congestion af-
fect their benefits in different ways. Different types of users
with different views as to what attributes they expect from
the recreational experience will value congestion differently.
For example, McConnell [1977] found substantially differ-
ent congestion effects at each of six Rhode Island beaches.
He calculated the optimal use per acre (that is, maximum
benefits), based on the congestion effects, and found a
range of from 59 people per acre for a beach near a wildlife
sanctuary to 2,400 people per acre for a "singles" beach.
The reason for this large divergence seems to be that the
clientele of the two beaches differ greatly as to what at-
tributes they expect to gain from beach recreation.
The question that needs to be answered is, if areas have
users with similar expectations, can we assume that the ef-
fects of congestion on benefits will be similar? In other
words, can we apply the results found at one "singles" beach
to another "singles" beach? If this can be done, then it
seems possible to include congestion in the estimation of
benefits at a proposed area.
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CONCLUSION
Congestion or crowding can have a significant impact on
the willingness of users to pay for a recreation area. If the
impact of congestion is not accurately reflected in proce-
dures for estimating willingness to pay, it is likely that er-
roneous estimates will be obtained for existing or proposed
areas.
Methodology exists for applying the travel cost and inter-
view methods to areas where congestion exists. However,
estimating benefits at proposed areas where congestion is
likely to exist presents significant problems. If valid esti-
mates of the impact of congestion at these sites are to be
obtained, more empirical estimation of the impact of con-
gestion on various existing areas is needed to see what vari-
ation in congestion effects are experienced.
The methodology for such empirical work does exist,
and some excellent examples have been referred to in this
report. The interview method will probably prove most
fruitful for many cases. However, the travel cost method
can be applied if there is a large degree of variation in con-
gestion and if the effect of congestion on benefits can be
separated from the other reasons for this variation in use.
Furthermore, it must be assumed with the travel cost meth-
od that the users have accurate expectations with regard to
the use changes. Within the interview method there are two
basic approaches: the hypothetical question approach
[Cicchetti and Smith, 1976] and the observed behavior
approach [McConnell, 1977]. When possible, the observed
behavior approach is generally preferred. However, the hy-
pothetical question approach has the advantage of being
usable for any area where the recreationist can be reached
and surveyed.
With additional empirical work it should be possible to
make progress toward estimating benefits for proposed
areas where congestion is expected to influence benefits.
What needs to be determined is for which areas the impacts
of congestion on benefits can be expected to be similar and,
if the impacts are different, how the differences can be
explained.
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used to evaluate a site with a different level of attractivenessThe attractiveness of available recreation sites is an impor-
tant determinant of participation behavior by recreationists.
An individual's decision concerning use of a particular site
depends, in part, on the attractiveness of that site and of
other available sites. Thus, a travel-cost-based model for esti-
mating demand and willingness of users to pay for a partic-
ular site on the basis of user behavior should take into
account site attractiveness.
The need to reflect attractiveness in recreation benefit
estimation has been one of the major arguments for contin-
ued use of the "interim unit day value approach," which
places prime emphasis on planner judgement, rather than
models based on user behavior as a method for estimating
the willingness of users to pay for recreation sites [Dwyer,
Kelly, and Bowes, 1977]. This report illustrates how the
travel cost method estimates recreation benefits from user
behavior rather than from unaided planner judgement, there-
by using site attractiveness in estimating the willingness of
users to pay for use of a site.
When the travel cost method is used to estimate benefits
for an existing site from observations of participation behav-
ior at that site, the current level of attractiveness for that
site as perceived by users will be reflected in the estimated
benefits. That is to say, the participation behavior on which
the model is based will have been influenced by the site's
attractiveness. In this case it is not necessary to include an
index of the site's attractiveness in the travel cost model
developed and used only to evaluate the particular site.
However, when the travel-cost-based model is used to
estimate the change in benefits induced by a change in the
characteristics (attractiveness) of a given site or to estimate
the benefits of a proposed site that is not identical to the
site or sites at which the model was estimated, an indicator
of site attractiveness should be included in the model. Fur-
thermore, when the availability of substitute sites is a sig-
nificant factor in participation behavior, the attractiveness
of the substitute sites should be reflected in the model, re-
gardless of whether the model is to be used to evaluate a
site on which it was based, a modified site, or a proposed
site. Thus, attractiveness becomes an issue in recreation
benefit estimation whenever (1) substitute sites have a sig-
nificant impact on participation behavior, or (2) a model is
from that of the site or sites on which it is based.
The first section of this report demonstrates how the
attractiveness of the site being evaluated is implicitly includ-
ed in the basic travel cost model and that there is no "in-
trinsic" quality or value that influences user willingness to
pay that is not included in the travel cost model. Hence,
judgements of site attractiveness by agency personnel, such
as those used in the interim unit day value approach, are
not necessary. The second section points out the aspects of
attractiveness that under certain circumstances need to be
explicitly considered in the travel cost model. Methods for
explicit consideration of attractiveness in the travel cost
model are discussed in the third section. Many of these
methods depend on the formulation of an attractiveness
index, which is the topic of the fourth section.
IMPLICIT CONSIDERATION OF SITE
ATTRACTIVENESS
All user benefits generated by the site, including those
attributable to attractiveness, will be reflected in estimates
of willingness to pay developed from the travel-cost-based
models. There is no "intrinsic quality" valued by users of
a site that is not considered in the travel cost method. Thus,
with all other things being equal, an increase in the attrac-
tiveness of the site will increase users' willingness to travel
to the site and will increase travel-cost-based estimates of
their willingness to pay for use of the site.
The inclusion of attractiveness in estimates of benefits
generated by the travel cost method can be demonstrated
Xonuser benefits are not included in estimates of willing-
ness to pay developed with the travel cost method. To the
extent that site attractiveness influences nonuser benefits,
it is not reflected in the travel cost method. Willingness of
users to pay as estimated by the travel cost method is the
appropriate concept of value for benefit-cost analysis. Xon-
user benefits are ordinarily handled separately in other
"accounts." Comprehensive systems of accounts are pro-
vided by the U.S. Water Resources Council's Principles and
Standards [ 1973] , Clawson [ 1975] , and Marty [1975].
This research was supported in part by the Illinois Agricultural Experiment Station and in part by funds provided by the L'.S.
Department of the Interior, as authorized under the Water Research Act of 1964 as amended.
The authors are Graduate Research Assistant and Assistant Professor of Forestry Economics, respectively, Department of
Forestry.
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with a simple model of utility maximization. Assume that
individuals have preferences for services that can be obtained
from the site (z) and the services that can be obtained from
all other goods (w). The utility function is thus u(z,w).
Site services (z) depend on the number of visits made to the
site (x) and the quality of the site (q).Thusz = f(x,q), where
the functional form of z depends on the manner in which
quantity and quality of visits interact. An individual will
attempt to maximize utility subject to his income (y), the
cost of travel necessary to use the site (t), and the cost of
all other goods (p). Thus, the individual with income y faces
a budget constraint of y = tx + pw. The individual maxi-
mizes the Lagrangian function (Equation 1) with respect to
the number of trips made to the site and the composite
good (w), yielding conditions of Equations 2 through 4.
(1) L(z,w,X) = M(z,w) -X(y - tx -pw)
(2)
(3) |k=|a. -
tt At =
ox
)w )W
(4) -^-=y- tx- pw =
Combining (2) and (3) we get (5):
(5)
3/j
t
3z_
3z 3x
3w
t
P
Equation 5 indicates that a recreationist will make trips
to the site until the marginal utility gained from the site
services (3/J/3z) multiplied by the manner in which recrea-
tional trips add to the site services (3z/3x) divided by the
marginal utility of the composite goods (3pi/3w) equals the
price ratio (t/p). Site quality enters the analysis through
3z/3x.
For example, let us assume the simplest type of service
technology, where services obtained from the site are the
product of the number of visits and site quality (z = xq). 2
I'nder this technology Equation 5 becomes:
3^
(6)
9fi
t
~P~
Jw
Thus, if we increased the attractiveness of the site, the
recreationist would make more trips to maximize utility.
Furthermore, if we hold the number of trips constant, then
for an increase in site quality the recreationist would be will-
ing to travel farther (increase t). Thus, the travel cost method
The interested reader can easily verify that the direct rela-
tionship between quality and number of trips or miles trav-
eled holds for any service technology that is positively
related to quality (3z/3q>0): with quality deterioration
variables, such as congrestion (3z/3q<0), an inverse rela-
tionship holds.
will reflect the quality of the site either through an increased
number of visits to a higher quality site or through an in-
crease in the distance traveled to reach a higher quality site.
It follows that when a site is being evaluated with a travel
cost model the attractiveness of the site will be reflected in
the estimate of the willingness of users to pay for site use.
Subsequent discussion examines cases where more explicit
attention must be given to site attractiveness in the travel
cost model.
EXPLICIT CONSIDERATION OF SITE
ATTRACTIVENESS
If substitute sites influence the use of a particular site,
the attractiveness of these substitutes must be included in
the travel cost model used to evaluate the site—regardless of
whether the analysis is of existing, modified, or proposed
sites. Explicit consideration of the attractiveness of the site
being evaluated is also necessary for travel-cost-based models
that are to be applied to existing, modified, or proposed
sites of different levels of attractiveness. Note that it is the
first stage or trip demand curve that is applied to sites other
than the site or sites where it was developed [Dwyer, Kelly,
and Bowes, 1977] . It is to these more complex (and real-
istic) cases that we now turn.
Reflecting Substitute Sites
The attractiveness of substitute sites may have a signifi-
cant impact on recreation behavior and the willingness of
users to pay for a particular site. In cases where the availa-
bility of substitutes has a significant impact on recreation
behavior, and the location and attractiveness of substitute
sites are not reflected in the model, the estimates of willing-
ness of users to pay will not be correct. Changes in partici-
pation with distance from the site will be attributed entirely
to travel cost, when in fact the availability of substitutes
also has influenced participation behavior. In cases where
more highly attractive substitutes are available to those
individuals farther away from the site being evaluated, will-
ingness of users to pay will be overestimated. If, however,
more attractive alternative sites are available to users closer
to the site being evaluated, the willingness of users to pay
will be underestimated.
Evaluation of Different, Modified, or Proposed Sites
The basic procedure for using the travel cost method to
estimate the willingness of users to pay for a different, new,
or modified site is to estimate the first stage or trip demand
at an existing site or sites and then apply it to the market
population of the different existing, proposed, or modified
sites. To do this, either the alternative being evaluated must
have the same attractiveness as the site or sites at which the
model was estimated, or some measure of the effect of a
change in site attractiveness on trip-making behavior must
be included in the model.
Without a measure of site attractiveness, the usefulness
of a travel cost model estimated at a particular site is limited
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to estimating the willingness of users to pay for that site or
another proposed, modified, or existing site with the same
attractiveness. This restriction can be very confining in that
the management options addressed by resource planners us-
ually focus on a wide range of potential, modified, and
existing sites. To estimate the influence of changing attrac-
tiveness on willingness to pay, the travel cost method should
be estimated on the basis of several sites with varying de-
grees of attractiveness.
MODELS THAT EXPLICITLY CONSIDER
ATTRACTIVENESS
Explicit consideration of attractiveness in the travel cost
model is necessary to take account of substitute sites and to
expand the model's usefulness to existing, proposed, and
modified sites with different levels of attractiveness. This
can be accomplished with three types of models: the single-
equation linear model, the single-equation multiplicative
model, and the multi-equation model. (Most applications of
these models require that sites be ranked according to their
attractiveness. Methods for such a ranking will be discussed
in the next section.)
Single-Equation Linear Models
The single-equation linear model includes attractiveness
through two variables:
v
ij
where:
D:
•J
A
J
a + b 1Dij +b2 Aj + b3 Tj
visits per capita from origin i to site j
road distance in miles between i and j
an attractiveness index of site j
a measure of substitutes
The variable A: indicates how the attractiveness of the jth
J
site influences visits to that site. If visits to a proposed site
are to be estimated, the attractiveness of that site is entered
in the index.
The effect of substitute sites on visitation is measured by
T:. How substitutes affect recreation behavior depends on
the location and attractiveness of substitute sites. Thus, T: is
usually given as some fuctional combination of Dj: and A:.
For example, Knetsch, Brown, and Hansen [1976] used
\ . /v n log L jn
.
^ j = 1 n / as an index ot attractiveness tor
ij ij
a reservoir, where L: is the size of the recreation pool, and
Pj is the population of the ith origin.
Often a single-equation travel-cost-based model is esti-
mated for only one site. The equation then takes this form:
V, = a + b! D, + bo Tj
See Brown and Hansen [1974| tor a listing of several of
these functional forms.
Since the model is estimated for only one site, there is no
way to identify how visitation (or benefits) would differ for
a site with different attractiveness. Thus, at best, this model
could be applied only to a proposed site of like attractive-
ness. However, in the usual case where alternative sites in-
fluence site use, the attractiveness of alternative sites avail-
able to potential users of the new site must still be explicitly
considered in the model or benefits will be misestimated.
Again, Tj can involve many functional combinations of dis-
tance and attractiveness. Grubb and Goodwin [1968] used
m log S i
T: = 2<j= i y»
— as an mdex of attractiveness for a reser-
L>ij
voir, where Sj is the surface area size in acres of the conser-
vation pool in reservoir j.
Single-Equation Multiplicative Models
A single-equation multiplicative model is illustrated by
the model developed by Cesario and Knetsch [1976] for
state parks: ^ = bQ pj>l Ab2 exp (b3 Cy) [I™1 \b2
1
where:
Vij
exp(b 3 C ik )]
b4
Pi
A
J
the number of trips per season made from coun-
ty i to park j
population of county i
attractiveness of park j
Cjj generalized cost travel from county i to park j
The multiplicative model has an advantage in that it explic-
itly incorporates substitution effects. However, the relative
merits of the linear versus the multiplicative functional
forms have not been clearly established.
Multi-Equation Models
A substantially different approach to quantifying sub-
stitute effects is presented in the multi-equation model
developed by Burt and Bewer [1971, 1974]. They group
recreational sites into classes such that sites within each
class are considered as perfect substitutes. Thus, a recrea-
tionist seeking a particular class of site will presumably
choose the nearest site within that class. Each site can then
be assigned a market region consisting of the area that is
nearer to that site than to any other site in that class. Sites
in different categories are viewed as different commodities.
A system of simultaneous equations is then estimated, using
sites in other classes as variables to measure the substitution
effect between classes. Willingness to pay for a proposed
site can be estimated by placing it into one of the previously
defined classes, defining its market area, and using the pre-
viously estimated equations to arrive at a demand curve for
the site.
A key difficulty with the multi-equation method is
placing recreational sites into a reasonable number of well-
defined classes. However, if one can devise well-defined
classes, an attractiveness index does not have to be derived
as with the single-equation methods.
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APPROACHES TO MEASURING SITE
ATTRACTIVENESS
The single-equation models are used much more fre-
quently than the multi-equation models and require that an
index of site attractiveness be reflected in the model. This
section examines the various approaches to measuring
attractiveness of outdoor recreation sites and deriving in-
dices. The attempts of the past decade can be grouped into
five generally used approaches:
1. Using the judgement of professional recreation spec-
ialists.
2. Taking a survey of the population to establish its
preferences for facilities and activities, then using these pre-
ferences to evaluate the facilities at a specific site.
3. Using the household production technique.
4. Using a proxy such as size in a demand estimation
equation.
5. Using actual observations of recreation sites and
attempting to separate the attractiveness effects from the
locational effects.
The first two methods were combined in the work by
Cesario and Knetsch [1976]. All of the approaches and
combinations of approaches derive indices of attractiveness
that are subsequently tested in terms of actual user behavior
when the travel-cost-based model is estimated.
Judgement of Professional Recreation Specialists
The most commonly used method of deriving an index
of attractiveness is to use the judgements of a group of ex-
perts who set criteria according to how they believe the rec-
reationists view the site. Such an index has been devised
by the Soil Conservation Service, which divides the attrac-
tiveness of a site into four categories: recreation experience,
development scale, site modification, and environmental
quality. Under each category, five different levels of attrac-
tiveness are described and assigned point values. The prob-
lem with this approach is that these measures are based on a
"feel for demand rather than any real measurement of it"
[McClellan and Medrick, 1968, p. 178]. There is seldom
any indication of how the index is derived or how it can be
adjusted for different areas for different subsets of the
population (for example, children or the elderly) or for the
quality of alternatives. An example of this last point would
be a situation where many sites in the area are highly devel-
oped; a site left in its natural state would then be likely to
have a particularly high value.
Even if this method of deriving an index is used, the travel
cost method is still to be preferred over estimates of will-
ingness to pay derived by planners using the interim unit
day value approach outlined by the Water Resources Coun-
cil's Principles and Standards. With the travel cost method,
a coefficient that indicates how the variation in site attrac-
tiveness reflects recreation behavior is estimated on the basis
of actual observation of recreation behavior. It can be
modified until a term that reflects user preferences is found.
Thus, the model reflects user preferences, not the percep-
tions of planners.
An additional problem with this approach is that recrea-
tion specialists may not reflect the preferences of site users.
Empirical studies have indicated that professional recrea-
tion specialists may not evaluate sites in the same manner as
recreationists. For example, Lucas [1970] found that visit-
ors to National Forest campgrounds ranked recreational site
quality much differently than did recreation administrators.
Consequently, "what the manager judges to be a pleasing
recreational environment may be entirely different from
what the recreationist seeks" [Lime and Stankey, 1971,
p. 176].
Preference Surveys
Preference surveys have been used by a number of re-
searchers to measure attractiveness. Shafer, Hamilton, and
Schmidt [1969] had respondents view black and white
photographs of various landscapes and rank them according
to attractiveness. Peterson and Newmann [1969] made a
similar study for Chicago area beaches. Shafer and Mietz
[1969] attempted to evaluate the individual characteristics
of sites by asking people to rank various wilderness charac-
teristics. Types of facilities and activities have been ranked
according to specific surveys [Cheung, 1972] and on the
basis of national surveys [Van Doren, 1967] . The facilities
and activities at each site are then ranked according to indi-
vidual preferences. An index of attractiveness for the park
is the weighted sum of the facilities and activities ratings.
An interesting attempt to measure quality with a labora-
tory experiment was conducted by Pendse and Wyckoff
[1974]. They gave subjects a given budget ($18, $15, or
$12) and allowed them to buy various goods of either poor,
average, or good quality. Individuals were not given enough
money to buy the highest quality of all goods, and from
their decisions it was possible to obtain a dollar value for
quality. However, Pendse and Wyckoff observed that the
dollar value of quality changed with the amount of income.
Thus, this technique could, at best, be used to derive a qual-
ity index rather than a value for attractiveness.
Household Production Technique
The household production technique [Lancaster, 1966,
1971] assumes individuals receive satisfaction from charac-
teristics gained from site consumption rather than from the
site itself. Instead of giving direct satisfaction, as in the tra-
ditional view, the site is an input into the production of
characteristics. Thus, the quality of the site is increased
whenever the consumption of the site yields more of one or
all of the site characteristics than before. If the quality
change increases only one characteristic, it is not clear that
the quality change will be preferred by all users; however, if
the quality change increases all the characteristics that can
be obtained from the site, then all users will prefer the
change. Similarly, given equal cost of attending all sites, a
site with more of all characteristics will be preferred by all
users over a site with less of every characteristic.
The advantage of the household production technique is
that it gives a natural measure of closeness or substitutabil-
ity of goods. The more characteristics the two goods have
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in common, the more closely related they are. This would
be especially helpful when one wishes to include nonrecrea-
tional alternatives in the attractiveness index. For example,
an alternative for some recreational activities might be at-
tending a major league baseball game. Such a game would
be a good alternative for people who enjoy inactive sports
or sitting in the sun and drinking beer (some types of fishing
might be put in this class), but it would not be a good sub-
stitute for wilderness camping, where solitude is important.
Although the household production technique is intui-
tively pleasing, it is difficult to use in conjunction with
actual empirical observation. What needs to be found is
implicit prices for each characteristic. However, the implicit
prices vary over individuals, sites, and the other character-
istics at the site. Also, there is seldom enough variation in
characteristics to empirically estimate these implicit prices.
The household production technique can currently be used
in conjunction with hypothetical survey questions; it is not
clear, however, that the increased degree of accuracy one
might gain in using the technique is worth the additional
time and effort needed to use a household production type
of questionnaire. This is especially true when all that is
sought is an attractiveness index.
Proxy Variables
One of the easiest ways of estimating attractiveness of
sites is to find a proxy variable that explains a significant
part of the variance in attractiveness. The variable most fre-
quently used is lake or park size, a method used by the
Corps of Engineers [Brown and Hansen, 1974; Tadros and
Kalter, 1971] and others [Grubb and Goodwin, 1968].
The use of size as a proxy has been supported by the results
of others who have obtained an attractiveness index and
then run a regression to see which site characteristics ex-
plained the variation of the index.
Cesario [1975] considered such park characteristics as
number of acres, number of camping units, length of beach,
acres of picnic area, miles of hiking trails, and availability of
modern comfort stations, museums and exhibition centers,
boat-launch ramps, boats for hire, trailer sanitary stations,
and showers. His research indicated that of all the variables,
number of acres explained the highest portion (76 percent)
of the variation in the index. The second most influential
variable, for parks with a total acreage of 850 acres, is
number of campsites. These results could be interpreted in
a number of different ways. Most likely, a "severe" inter-
action between variables has been detected; that is, the rela-
tive importance of an independent variable depends on the
levels of other independent variables entered into the re-
gression previously.
Similar findings were reported by Wennergren ct al.
[1975] . Using stepwise regression, 5 they found lake size to
be the most important variable and campsite facilities sec-
ond in estimating the attractiveness of boating sites in Utah.
To use the stepwise regression procedure, it must be
assumed that all regressors are orthogonal (not collinear).
Since the regressors are in fact highly correlated, the results
of Wennergren's study are somewhat questionable.
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Boat-launching ranps were the only significant variable for
sites in Idaho. They concluded that size is a fairly good
proxy for attractiveness, but only because it is highly cor-
related with other site characteristics.
This is not to be interpreted as "bigger is better." For
example, Van Doren [1967] , in his factor analysis of camp-
ing in Michigan, discovered that in his fourth model the
acreage of each park could be eliminated as a variable with-
out substantially lowering the total explained variation.
Some of the popular camping parks analyzed had very small
acreage, which suggested that campers may find desirable
amenities for camping and preferred outdoor activities regard-
less of a park's size. In summary, the size proxy "is suffi-
cient to the purpose of estimating demand, but coarse in
terms of delineating more planning and site design alter-
natives" [Knetsch, 1974, p. 39]. One other proxy for
attractiveness was used by Stevens [1966] , who suggested
angling success as a reflection of fishing quality.
Actual Observations
Another approach to obtaining an attractiveness index is
based on the idea that if it were possible to distinguish and
account for the effects of site location on visitation rate,
the remaining effect would be due to the attractiveness of
the site. Wennergren and Fullerton [1972] attempted to
make this distinction by assuming that if there were no
quality differences between sites, consumers would allocate
themselves to sites in a way that would minimize total cost.
However, one can question this assumption about consumer
behavior. One problem is that this model defines the capa-
city of the site as the level of present use, which is certainly
seldom the case. Further, this approach does not allow con-
sumers to alter the number of trips they might take in re-
sponse to trip cost and quality of the experience.
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Cesario [1969] estimated an attractiveness index by
assuming equal distance instead of the equal quality of Wen-
nergren and Fullerton [1972]. If all parks are equally distant
from the consumer, then the ratio of the number of trips to
each park becomes an index of attractiveness. This can be
shown graphically by "distance decay curves" in the figure
above. The higher the curve, the more attractive the park.
For example, assume parks A, B, and C are distance D
from a population center and generate 30, 20, and 10 visits
per capita, respectively. Then Park A would be 3 times as
attractive as Park C. By expanding this simple model and
making adjustments for parks at differing distances, Cesario
[1973, 1974] was able to calculate an attractiveness index.
The advantage of Cesario 's model is that it estimates attrac-
tiveness on the basis of actual behavior by recreationists.
Thus it is likely to give the most accurate measure of the
true attractiveness of the site.
Survey-Expert Approach
Cesario and Knetsch [1976] developed a combination of
the survey and expert judgement approaches. They proposed
the following attractiveness variable, Aj, representing the
attractiveness of park j: n
Vji; uj<zj> «j(zj> aj
n
I
J=l
Uj =1
where: u apparent utility of having activity z; avail-
able, as indicated by popularity weights
obtained from a survey
q; = quality of the facilities for activity z;
subjectively rated on a scale from 1 to lO
by a team of researchers
a: if activity z: is not offered, 1 if activity
z: is offered
n = total number of activities available
A: is then the sum of attractiveness over all activities
considered.
SUMMARY
This paper has shown how site attractiveness is implicitly
reflected in the basic travel cost model and how an explicit
account of the attractiveness of the site being evaluated and
substitute sites can be built into the travel cost model. It is
concluded that the travel cost method can take adequate
account of the attractiveness of the site being evaluated and
of substitute sites, so that it is not necessary to use unaided
planner judgement in the form of the "interim unit day
value approach" to reflect the influence of site attractiveness
on the willingness of users to pay for use of a site.
The single-equation linear and multiplicative models and
the multi-equation model are examples of travel-cost-based
models capable of including substitutes. The single-equation
models are most effective when an attractiveness index can
be easily devised, such as by using some physical charac-
teristic like size as a proxy. When the recreation sites con-
sidered are so different that devising an attractiveness index
is difficult, the multi-equation model, which considers
sites in different classes as different goods, may be the best
approach.
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GROSS YIELDS OF ROUGH WOOD PRODUCTS FROM A ^V^AR-OLD '9
LOBLOLLY AND SHORTLEAF PINE SPACING STUTO^^O/c-
L.E. Arnold ^^
Land management practices in southern Illinois in the
past have reduced the quality of many sites to the point
where the valuable native hardwood species cannot be
grown successfully. Thus, it has been necessary to find less
demanding species to reforest these degraded sites.
Shortleaf pine (Pinus echniata Mill.) and loblolly pine
(Pinus taeda L.) have been widely planted in this area
although they are at the northern limit of their natural
ranges (2).
METHODS
Four complete replications of loblolly pine and two
complete replications of shordeaf were planted at spacings
of 4 x 4, 6 x 6, 8 x 8, and 10 x 10 feet in the spring of
1949 (Tooley plantation). Each treatment was planted in a
0.64-acre block with an approximate 0.1-acre study plot
centered in each. The treatments were arranged in a
randomized complete block design. No thinning, pruning,
or cutting has been done.
Seedlings were grown at the Union State Tree Nursery,
Jonesboro, Illinois, but little is known about seed source.
Nursery records indicate that the loblolly pine was grown
from seed obtained in north Alabama or Maryland, but the
source of the shortleaf seed is unknown. The State Division
of Forestry attempted to produce seed from as far north in
the range of both species as possible (2).
Although one original objective was to compare loblolly
with shortleaf pine, the two species are presented as
separate experiments, and loblolly pine is emphasized. This
approach is taken in part because several researchers have
shown that loblolly is superior in growth to shortleaf pine
(2, 3, 5, 6, 7, 9, 10); and because shortleaf pine is no longer
recommended for planting in southern Illinois. Shortleaf
pim has not been planted on the Shawnee National Forest
in the past several years.
he latest (fifth) survey was a 100 percent cruise of
diameter breast high (DBH) with 10 percent of the trees
measured for total height. This survey supports findings of
the four previous cruises (1). Merchantable heights to 3-
and 4-inch top diameter inside bark (DIB) by an ocolar
estimate were measured by haga hypsometer as part of the
fifth survey.
The site had been abandoned from cultivation for about
10 years at planting. There was a well-established ground
cover of broomsedge (Andropogan spp.) where erosion was
slight to moderate, while tickle grass (Aristida dichotoma
Michx. and Danthonia spicata L. Beauv.) was dominant on
severely eroded areas (1).
The soils are mapped as Grantsburg silt loam (Ochreptic
Typic Fragiudalf) with slopes ranging from 2 to 12 percent.
About 85 percent of the study area is mapped as little
erosion or eroded; the remainder is severely eroded (8).
Although all of the data processing was computerized,
most of the procedures were from USDA Technical Bulletin
1104 (4), which is commonly used on the Shawnee
National Forest in southern Illinois. All computations were
on a tree-by-tree basis.
Total peeled volume was computed by formula: Total
Peeled Volume = 0.42 BH where B is basal area in square
feet and H is total height in feet (0.48 BH on trees less than
30 feet tall.
Individual tree heights were computed using the
regression of DBH, DBH^, and total height (6) from pooled
block data from the 10 percent survey of total height on a
given treatment. This method of tree height computation
was possible because there were no significant block
differences for DBH or total height.
Board foot volumes (by half-log minimums) were
computed using a modified form of the international
one-fourth- inch rule. Top DIB's were computed instead of
assuming half-inch taper for each 4-foot section of log, as is
done by standard rule. A computerized version (r = 0.999)
of USDA Technical Bulletin 1104's Table 8, "General taper
used for trees of various heights," was applied for this
study.
Pulpwood volume computations were similarly
patterned after Bulletin 1104 where percent of total height
used is converted into percent of total cubic foot volume,
and then converted to cords by assuming 79 cubic feet of
solid wood, 13 cubic feet of bark, and 36 cubic feet of
open space per cord. Each tree processed must have had at
least one full 8-foot stick to be tallied in pulpwood volume,
and then only by increments of half sticks above the first
full stick.
L.E. Arnold is a forester for the University of Illinois.
Posts and poles were treated similarly in that
merchantable heights to minimum and maximum diameters
were computed for a given tree. The length of stem that
occurred in the tree between those two diameters was then
determined based on taper data, and tested to determine
how many whole posts or poles could be obtained. A 1-foot
stump was assumed for saw timber, and an 8-inch stump for
pulpwood, posts, and poles.
RESULTS AND DISCUSSION
There were significant differences at age 25 (Tables 1,
2, 3, and 4) among the four spacing treatments for both
species and for all parameters reported. Both loblolly and
shortleaf pine showed larger mean DBH's at the 10- x
10-foot spacings (Tables 1, 2). Total height measurements
for loblolly showed that both the 10- x 10- and 8- x 8-foot
spacings were significantly taller (59.0 and 59.2 feet,
respectively) than other treatments, but not taller than each
other; in the shortleaf, the 10- x 10-foot spacings had the
taller trees with a total height of 51.2 feet. Although there
was no total height difference between the two wider
spacings in the loblolly, the 10- x 10-foot spacing did have
the taller merchantable height to a 4-inch top DIB with an
average of 41.6 feet (Table 1). The 10- x 10-foot spacing
was the tallest (33.4 feet) of the shortleaf plots (Table 2).
Volume and rough wood product yields were not
always as predictable as were the basic stand data. For
Table 1. Loblolly Pine Spacing After 25 Years of Growth-Basic Stand Data, 1974 1
Treatment 3meansJ
Parameters^ 10 x 10 ft. 8 x 8 ft. 6 x 6 ft. 4 x 4 ft.
DBH (inches) 8.8 a 7.9 b 6.8 c 5.4 d
Total height (feet) 59.0 a 59.2 a 55.9 b 49.5 c
Merchantable height,
4-inch top (feet) 41.6 a 38.3 b 30.1 c 16.4d
Number of trees per acre 371 c 553 c 705 b 926 a
Percent survival 85.2 a 81.2 a 58.3 b 34.0 c
^Tooley plantation.
^Treatments were significant at the 1-percent level.
•^Suffix a, b, c, or d represents ranking according to Duncan's Multiple Range test ar the 5-percent
level.
Table 2. Shortleaf Pine After 25 Years of Growth-Basic Stand Data, 1974 1
Treatment 3meansJ
Parameters^ 10 x 10 ft. 8 x 8 ft. 6 x 6 ft. 4 x 4 ft.
DBH (inches) 8.2 a 7.1b 5.7 c 4.6 d
Total height (feet) 51.2 a 50.5 b 47.2 c 42.4 d
Merchantable height,
4-inch top (feet) 33.4 a 28.6 b 20.6 c 12.8 d
Number of trees per acre 382 d 558 c 95 7 b 1426 a
Percent survival 87.8 a 82.0 a 79.1 a 52.4 b
*Tooley plantation.
^Treatments were significant at the 1-percent level.
^Suffix a, b, c, or d represents ranking according to Duncan's Multiple Range test at the 5-percent
level.
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example, the 8- x 8-foot loblolly spacing had the largest
peeled volume (Table 3) with 4,889 cubic feet per acre as
compared with the 10- x 10- and 6- x 6-foot spacings
(4,112 and 4,370 cubic feet per acre, respectively). The 6- x
6-foot shortleaf spacing (Table 4) with 3,803 cubic feet per
acre was the largest yielder of the shortleaf spacings.
More 7-foot fence posts (4-inch top DIB minimum and
6-inch butt DIB maximum) were grown in the 6- x 6-foot
spacing of both species with 1,795 per acre in loblolly and
1,699 posts per acre in shortleaf, 29.3 and 40.8 percent
more respectively, than the next closest treatment for
loblolly and shortleaf, (Tables 3 and 4). The differences
were not as great for 16-foot poles (4-inch top DIB
minimum and 8-inch butt DIB maximum) as for fence
posts. However, the 8- x 8- and 6- x 6-foot treatments were
similar for both species with yields of 968 and 963 poles
per acre in loblolly and 670 and 653 poles per acre in
shortleaf for 8- x 8- and 6- x 6-foot spacings, respectively.
Table 3. Loblolly Pine Spacing After 25 Years of Growth—Selected Rough Wood Products, 19741
Treatment 3means per acre J
Parameters^ 10 x 10 ft. 8 x 8 ft. 6 x 6 ft. 4 x 4 ft.
Total peeled volume
(cubic feet) 4,111 b 4,889 a 4,370 b 3,217 c
7-feet fence posts,
4 to 6 inches (number) 753 c 1,388 b 1,795 a 1,288 b
16-feet poles,
4 to 8 inches (number) 658 b 968 a 963 a 469 c
Sawlog volume to 8 -inch
top, (board feet) 4,231 a 1,369 b 138 c 40 c
Number of sawlogs 99 a 33 b 4c 1 c
Pulp volume, 4-inch
top (cords) 47.6 b 54.5 a 43.7 b 21.4 c
^Tooley plantation.
^Treatments were significant at the 1-percent level.
^Suffix a, b, c, or d represents ranking according to Duncan's Multiple Range Test at the 5-percent
level.
Table 4. Shortleaf Pine Spacing After 25 Years Growth-Selected Rough Wood Products, 1974^
Treatment 4means per acre^
Parameters 10 x 10 ft. 8 x 8 ft. 6 x 6 ft. 4 x 4 ft.
Total peeled volume
(cubic feetp 3,190 c 3,477 b 3,803 a 3,408 be
7-foot fence posts,
4 to 6 inches (number) 667 c 1,154b 1,699 a 1,206 b
16-foot poles,
4 to 8 inches (number) 502 b 670 a 653 a 357 b
Sawlog volume to 8-inch
top (board feetp 1,862 a 884 b 0c 0c
Number of sawlogs^ 47 a 41 b 0c 0c
Pulpwood volume (cords)^ 35.6 ab 36.1a 32.1 bs 18.2 c
A Tooley plantation.
^Treatments were significant at the 1-percent level.
•^Treatments were significant at the 5-percent level.
^Suffix a, b, c, or d represents ranking according to Duncan's Multiple Range test at the 5-percent
level.
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The largest gross board foot volume at age 25 in 8-inch
top DIB minimum sawlogs (8-foot lengths or half-log
minimum) were found in the 10- x 10-foot spacing for both
species with 4,231 and 1,862 board feet per acre for
loblolly and shortleaf pine, respectively.
An unexpected result in pulpwood yield occurred for
shortleaf at the 10- x 10- and 8- x 8-foot spacings when
each produced about 36 cords, the highest yield of all four
treatments. But in loblolly the 8- x 8-feet spacing with 54.4
cords exceeded the 10- x 10-foot spacing by nearly 15
percent.
Survival rates of the 10- x 10- and 8- x 8-foot spacings
were similar for both species (Tables 1 and 2); however, the
6- x 6- and 4- x 4-foot spacings had significantly lower
survival rates with a low of 52.4 percent for shortleaf and
34.0 percent for loblolly, both of which were for the 4- x
4-foot spacing. Numbers of trees surviving (Tables 1 and 2)
per acre for both species were significantly different for all
spacings, ranging from 371 to 926 and 382 to 1,426 trees
per acre for loblolly and shortleaf pine, respectively.
CONCLUSIONS
None of the spacing treatments for either loblolly or
shortleaf at 25 years of age had significant saw timber
volumes though the 10- x 10-foot loblolly spacing does
have more than 4,200 board feet (gross volume) per acre,
most of which is in half logs. The primary concern at this
time is to determine what spacing yields the best returns for
smaller timber products. It must be emphasized that age 25
years is not the optimum age for all of the timber products
discussed. Although the loblolly 8- x 8-foot spacing yielded
54.5 cords, (the largest yield of pulpwood) on 533 stems
per acre, 47.6 cords could be harvested from only 371
stems per acre in the 10- x 10-foot spacing. This reduced
yield represents a 13.9 percent loss in volume, but is grown
on one-third fewer stems that average almost an inch larger
in DBH. Both number and size of stems are important
factors in mechanical harvesting.
The 8- x 8- and 6- x 6-foot spacings for both species
were similar for 16-foot poles though loblolly outyielded
shortleaf by nearly 45 percent with over 960 16-foot poles.
However, in the gross yield of 7-foot fence posts, the 6- x
6-foot spacing yielded the maximum number for both
species with 1,795 and 1,699 fence posts per acre for
loblolly and shortleaf, respectively, a striking similarity
considering the fact that the two species usually compare
very differently.
The 8- x 8-foot loblolly spacing produced the most
peeled cubic foot volume (4,889 cubic feet) of the four
spacings in loblolly. This spacing should continue to do best
since it leads the next two highest yielders by some 10 to
15 percent. In time, however, the increased mortality in the
closer spacing, plus more available growing space in the 10-
x 10-foot spacing, will tend to reduce the differences
between the 8- x 8- and the 10- x 10-foot spacings in yield
of both cubic foot and cordwood volume.
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A CROSS SECTION ANALYSIS OF HUNTING,
FISHING, AND BOATING IN ILLINOIS
Andrew T. Allen and John F. Dwyer
Natural resource planners concerned with plan and pro-
gram evaluation are often faced with the need to predict
changes in recreation participation associated with modi-
fications in the supply of recreation opportunities. For ex-
ample, planners may estimate the impact of a proposed
reservoir on the hunting, fishing, and boating activities of
the residents of nearby areas.
Seneca and Davis [1976] have demonstrated that cross-
section analysis of hunting and fishing license sales, by
county, can provide state-specific models that are useful for
estimating the impact of changes in supply variables on the
size of the recreation population. They gathered informa-
tion, by county, on sales of hunting licenses and fishing
licenses and on supply and demand variables for hunting
and fishing in West Virginia. A multiple linear regression
model was estimated to predict per capita license sales in a
county as a reflection of the supply and demand variables;
that equation permitted quantification of the effect of
changes in specific demand and supply variables on the
number of licenses purchased. Seneca and Davis's study was
sucessful in that it explained a large portion of the variation
in per capita hunting and fishing license sales (R.2 s* 0.60),
and diverse supply variables had statistical significance.
License sales are a crude measure of recreation partici-
pation—they are not required for all types of recreation
activity; where licenses are required, there are often excep-
tions for particular age groups (usually the very young and
the very old); and license sales indicate the size of the popu-
lation of participants* but not the amount of participation.
Nonetheless, changes in license sales should provide plan-
ners with a useful and easily obtained indication of the
change in the population of participants that can be ex-
pected with alternative changes in supply variables.
In this report the cross-section approach used by Seneca
and Davis will be applied to Illinois. This application will
*There are of course individuals who purchase licenses but
do not participate. Others participate without a license.
These influences are considered to be minor, however, and
license sales are thus thought to be a good indicator of the
population of participants within the age groups or other
categories for which licenses are required.
test the usefulness of the approach for predicting the sale of
boating registrations, hunting licenses, and fishing licenses;
for estimating changes in the sales of hunting and fishing
licenses with less information than was available to Seneca
and Davis; and for determining the feasibility of developing
for inclusion in the model a simple index of alternatives
available in nearby counties.
The cross-section approach was applied to all 102 coun-
ties in Illinois for 1970 in an attempt to explain per capita
hunting license sales, per capita fishing license sales, and per
capita sales of boating registrations. Note that in Illinois the
sales of hunting licenses and fishing licenses are reported by
the county where purchased, while sales of boating registra-
tions are reported by the residence of the purchaser. Coun-
ties with numerous opportunities for hunting and fishing
may have large per capita sales of licenses because of pur-
chases by local residents as well as by hunters and fisher-
men who travel to the area. Sales of boating licenses, how-
ever, would not reflect purchases by residents of other
counties who are drawn to a particular county for boating.
Also, boating registrations are required for the boat, not the
participant in boating. It is possible to participate in boat-
ing without having purchased a boating license if one uses,
borrows, or rents a boat licensed by another. However, the
number of boats available is indicated by the number of
boat registrations. 2 The number of boats can be expected
to be closely correlated with the number of participants in
boating.
The explanatory variables used were similar to but not
as extensive as those used by Seneca and Davis. Many of the
variables used in that study came from surveys of hunters
and fishermen in West Virginia. Survey data were not availa-
ble for Illinois. Our results were generally not as successful
as the Seneca and Davis study in explaining the variation in
license sales or in providing estimates of the impact of
changes in supply variables that are likely to be altered by
natural resource programs. This points either to a weakness
of the underlying theory of the cross-section analysis or to
^In Illinois, boat registrations are required for boats that
are mechanically propelled or for sailboats over 12 feet in
length.
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the lack of readily available measures of variables presumed
to be associated with participation in recreation activity.
THE MODELS
Three different models were estimated, one for each
dependent variables: per capita sales of hunting licenses, per
capita sales of fishing licenses, and per capita sales of boat-
ing registrations. Although these measures of participation
are relevent to natural resource planners, they do not repre-
sent the full range of alternatives for leisure activity. There-
fore, associations that we expect to be true in general be-
tween the dependent and independent variables for leisure
activities may not hold for the specific activities examined.
For example, individuals in various counties may have a
different range of substitute opportunities available to them
and thus may engage in different activities and respond
differently to supply variables.
This point can be illustrated by examining the demand
variables suggested by Seneca and Davis: per capita income
and socioeconomic characteristics. Presumably, higher aver-
age per capita income in a county would be expected to be
associated with more recreation activity. However, Seneca
and Davis found that this variable was not significant in
their efforts to predict per capita sales of hunting licenses
and fishing licenses. When per capita income is a significant
variable in the models presented in our report, it has a
negative sign, which would indicate less participation in a
recreation activity in areas with higher average per capita
income. However, this does not necessarily mean that as
income increases, recreation activity decreases. It is possible
that, as the average per capita income in a county increases,
new recreational opportunities become available, perhaps
including parks, golf courses, tennis courts, handball courts,
sports arenas, or theaters. These opportunities may be sub-
stituted for hunting, fishing, or boating.
Another income-related influence may also be at work.
Low average per capita income tends to be associated with
rural areas. These areas tend to have more open space and
higher quality air and water than urban areas. To the extent
that supply variables fail to reflect the activities related to
open space and the environmental quality in these areas,
the model may show that recreation activities have a nega-
tive association with average per capita income. One way to
reduce this problem is to enter additional supply variables
into the model.
The supply variables used by Seneca and Davis^ are
closely related to the dependent variables and thus tend to
reduce this kind of problem. However, in the absence of
special surveys, some of those supply variables, such as
trout and bass catch and acres of polluted water, are not
—
.
__
^Supply variables for hunting included deer killed, squirrels
killed, acres of land open to hunting, acres of cold-water
fishing streams, acres of pastureland, and acres of urban-
industrial land. Supply variables for fishing included bass
catch, trout catch, acres of ponds and lakes and reservoirs,
acres of grossly polluted water, tons of trout stocked, and
acres of cold-water fishing streams.
available for Illinois counties. Because these three variables
are significant in the models developed by Seneca and
Davis, perhaps state planners should consider collecting
similar data for Illinois and elsewhere to assist in plan and
program evaluation.
EMPIRICAL RESULTS
Hunting License Sales
Of the models developed in this study, the one for pre-
dicting per capita sales of hunting licenses most closely
approximates the models presented by Seneca and Davis.
Two typical least squares equations for predicting per
capita hunting license sales are presented in Table 1. Equa-
tion 1 contains three supply variables: average deer kill per
hunter, human population per acre, and miles of stream.
The positive sign and significance of average deer kill
(NKD) and negative sign and significance of population
density (POD) are consistent with those presented by
Seneca and Davis. Miles of stream (MS) was significant but
had a negative sign; this may imply that, although streams
coincide with favorable opportunities for hunting in West
Virginia (MS had a positive sign in the Seneca-Davis model),
such was not the case in Illinois. Equation 1 also includes a
demand variable, average per capita income (PCI). The neg-
ative coefficient for this variable seems to reflect that per
capita purchase of hunting licenses is highest in the down-
state counties, where average per capita income tends to be
low.
Table 1. Hunting License Equations, per Capita Basis
Independent
variables'1 and
significance Coefficient t-test Elasticity
Equation 1 : R 2 = 0.658, d F = 42.05
NKD + 2.81 X 10" 1 6.03 .286
MS + -1.17 X 10"4 -3.05 -.0848
POD + -7.09 X 10~3 -2.38 -.0337
PCI + -1.93 X 10
-5
-4.01 -.436
CONS + 1.46 X io _1 7.61
Equation 2: R 2 = 0.637, d E = 38.34
NKD + 3.03 X 10"' 6.28 .308
AFL -1.77 X 10"5 -0.17 -.00484
PCU + -4.12 X 10 -5 -3.48 -.106
PCI + -2.13 X 10"' 6.27
CONS + 1.49 X 10~' 6.27
independent variables:
NKD number of deer killed per paid hunting permit
MS miles of stream
AFL acres of forest land
POD human population per acre of land in the county
PCI average per capita income in the county
CONS constant.
Dependent variable:
PCH per capita hunting license sales.
+ = significant at the 95 percent level (computed t > 2.00).
c
All elasticities calculated at the means.
R is adjusted for degrees of freedom.
Equation 2 has similar significance and signs for average
deer kill per hunter and average per capita income. As a
proxy for acres of pastureland (used by Seneca and Davis),
acres of forest land (AFL) was included in the analysis.
This variable proved not significant, as was also the case in
West Virginia. Percent of county population classified as
urban (PCU) was entered into the analysis to represent so-
cioeconomic composition of the county. This variable, like
the per capita purchases of hunting licenses. This indicated
that urbanities are less likely than their rural counterparts
to purchase hunting licenses.
Both Equations 1 and 2 explain the variation in the de-
pendent variables as well as was reported in the Seneca and
Davis study (R.2 =* 0.60) but do not include as many supply
variables that are of interest to planners.
Fishing License Sales
Attempts to duplicate the results obtained by Seneca
and Davis for per capita fishing license sales were less suc-
cessful. This is demonstrated by two models shown in Table
2, where the value of R.2 fell to the range of 0.47 to 0.49.
As mentioned earlier, supply variables such as bass catch,
trout catch, and acres of grossly polluted water were not
available for Illinois counties in 1970. Furthermore, no divi-
sion of fisheries into warm water or cold water was avail-
able. Lack of these variables has, in light of the results ob-
tained by Seneca and Davis, most likely limited our results,
but it is possible to make some inferences.
Seneca and Davis suggested as an access variable some
measure of the distance to recreation opportunities, that is,
the availability of substitutes. These variables are an impor-
tant component of travel-cost-based models for predicting
recreation participation [Dwyer, Kelly, and Bowes, 1977].
Such a measure was devised to reflect distance to the major
bodies of water in Illinois available for fishing and boating
use in 1970: Lake Michigan, Lake Carlyle, and the Illinois,
Wabash, and Mississippi Rivers. The measure is constructed
5
by the following formula: M = Z (100-Dj), where Dj is the
i=T
straight-line distance from the center of the county to each
body of water.
This index of the availability of substitutes implies that
the closer the county to a body of water, the higher the
measure of substitutes attached. We should expect the vari-
able to have a positive sign in that per capita purchase of
fishing licenses or boating registrations would be higher in
areas near these bodies of water. This measure implicitly
assumes that each body of water is equally attractive to the
potential user.
Examination of Table 2 shows that the measure of al-
ternatives is not significant in the equation for predicting
per capita sales of fishing licenses.^ Furthermore, in Equa-
tion 1, miles of stream (MS) and the percent of the popula-
tion classified as urban (PCU) are also not significant. The
only other variable that is not significant, percent of the
county in forest land (AFFL), corresponds to proportion of
4For counties more than 100 miles from a body of water,
Di = 100; using 200 miles as an upper limit did not
improve the results.
Table 2. Fishing License Equations, per Capita Basis
Independent
variables'* and
significance Coefficient t-test Elasticity
Equation 1: R 2 = 0.466,d F= 13.61
AFFL 6.79 X 10"2 0.83 .0375
AI + 6.60 X 10"* 4.61 .0845
N'l + 1.00x10^ 4.84 .0532
MS -6.69 X 10 5 -0.97 -.0524
PCI + -3.49 X 10"5 -3.37 -.837
PCU -1.98 xlO"* -0.93
-.0575
M -3.83 x 10"6 -0.03
-.00349
CONS + 2.63 X 10 '
Equation 2: R 2 = 0.490, d
6.78
F= 14.90
AFFL 8.64 X 10~2 1.08 .0478
100-500 + 1.88 x 10"5 2.72 .240
>500 + 7.81 X 10 -6 5.63 .0415
MS -4.94 X 10"5 -0.72 -.0387
PCI + -3.32 x 10 _s -3.33 -.796
PCU -1.93 x 10 -5 -0.95 -.0560
M 2.25 X 10"S 0.20 .0205
CONS + 2.53 X 10 ' 6.65
a Independent variables:
AFFL acres of forest land per acre of land in the county
AI artificial impoundments (in hundres of acres)
NI natural impoundments (in hundreds of acres)
MS miles of stream
100-500 acreage in bodies of water 100 to 500 acres in size
->500 acreage in bodies of water larger than 500 acres
PEW (100-500) + > 500
PCI average per capita income in the county
PCU percent of population classified as urban
M distance-weighting scheme.
Dependent variable:
PCF per capita fishing license sales.
+ = significant at the 95 percent level (computed t > 2.00).
All elasticities calculated at the means.
R is adjusted for degrees of freedom.
the county open to hunting (used by Seneca and Davis),
which serves as an index of general access to outdoor recre-
ation opportunities. As in the case of the equations for
estimating per capita sales of hunting licenses, per capita
income is negatively associated with per capita sales of fish-
ing licenses in Equations 1 and 2.
From the viewpoint of state planners, Equations 1 and
2 give a useful clue to the change in the population of
participants that can be associated with variables the plan-
ners can control. For example, per capita sales of fishing
licenses are more responsive to an increase in an artificially
impounded body of water (AI) than in a natural impound-
ment (NI). Further, the equations point out the relatively
small influence on increases in the bodies of water on per
capita license sales; for example, a 100-percent increase in
artificial impoundments will increase per capita sales of
fishing licenses by only 8.4 percent.
In this study and the study by Seneca and Davis, the
elasticity coefficients for supply variables were generally
low. The one notable exception was the variable, acres open
for hunting (Seneca and Davis). It should be noted that the
measure of recreation activity used in both studies is pur-
chase of license and not quantity or value of activity. Per-
haps quantity or value of activity is more responsive to
changes in supply variables than is license sales, which
reflects only the decision to participate in an activity.
Boat Registration
The last model estimates per capita sales of boat regis-
trations. The independent variables are the same as in the
models for estimating per capita sales of fishing licenses.
The results, presented in Table 3, are similar to those of the
model for estimating sales of fishing licenses (Table 2)
except for two variables: Average per capita income (PCI)
becomes not significant, but the distance to alternatives
measure (M) becomes significant and has the expected posi-
tive sign. Notice, however, that the degree of explanation of
the independent variables is significantly lower than in the
models developed for hunting licenses and fishing licenses.
This may in part be because boat registrations are reported
by county of residence of the purchaser, whereas hunting
licenses and fishing licenses are reported by the county
where purchased. Some purchases of hunting licenses and
fishing licenses are likely to be made near the participant's
residence, while others may be made in the area where a
large amount of participation takes place. Thus, hunting
and fishing license sales in a county may be more respon-
sive to supply variables in that particular county than is
sales of boating licenses. However, in a time-series study of
the impact of a large reservoir on sales of boating registra-
tions, Dwyer and Allen [1978] found significant reser-
voir-related increases in boat registrations that varied with
distance from the reservoir.
Table 4 presents all the variables used in the efforts to
explain these three different measures of recreation activi-
ty. The significance and sign of each variable are given, and
the results are compared with those obtained by Seneca and
Davis.
Table 3. Boat Registration Equations, per Capita Basis
Independent
variables 3 and
significance" Coefficient t-test Elasticity
Equation 1 : R 2 = 0.229. d F = 5.29
AFFL 2.04 X 10 2 1.10 .0625
A I ++ 5.60 X 10 7 1.73 .0397
NI + 1.63X10^ 3.45 .0481
MS -3.66 X 10"6 -0.23 -.0159
PCI -2.27 X lO^6 -0.97 -.301
PCU -1.81 X 10"6 -0.37 -.0289
M ++ 4.68 X 10"5 1.85 .236
CONS + 2.57 X 10 2 2.92
Equ ation 2: R 2 =0.210, d F = 5.03
AFFL 2.26 x 10~2 1.21 .0693
100-500 ++ 3.10 x 10"6 1.92 .0361
>500 + 8.03 x 10"7 2.48 .0436
MS -3.83 X 10"6 -0.24 -.0166
PCI -1.56 X 10"6 -0.67 -.207
PCU -3.02 x 10 -6 -0.64 -.0486
M ++ 4.84 X 10 -5 1.93 .2447
CONS + 2.35 x 10"2 2.24
a
All independent variables are defined in Table 2. The dependent
variable is PCB per capita boat registrations.
+ = significant at the 95 percent level (computed t > 2.00); ++ =
significant at the 90 percent level (computed t > 1.67).
c
All elasticities calculated at the means.
R is adjusted for degrees of freedom.
Table 4. Variables Tested in the Analysis^
Independent variables PCH
Dependent variables
PCF PCB
+S NS
+s +S
+s* +s
+s NS
NS NS
+s +S
+s +s
+s +s
+s* +s
+s +s
-s NS
NS +S
AI
NI
TOT
AI/P
MS
POW
100-500
>500
DEW
river
Dlakc
M
NKD
NKA
AFL
AFFL
POD
AP
PCU
PCI
artificial impoundments (in hundreds of acres)
natural impoundments (in hundreds of acres)
AI+ NI
acres of artificial impoundments per person
miles of stream
acres of publicly owned water
acreage in bodies of water 100 to 500 acres in size
acreage in bodies of water greater than 500 acres in size
100-500 + >500
is there a major river?
is there a major lake?
distance-weighting scheme for alternatives
number of deer killed per paid hunting permit
number of deer killed per acre of land
acres of forest land
percent of the county in forest
human population per acre
automobiles per capita
percent of population classified as urban
average per capita income in the county
-S"
+S*
NS
NS
NS*
-S*
NS
-S
-s
NS"
NS
-S
NS
NS
NS
NS
S_ indicates that the variable was significant (90 percent level) in at least one model with a positive sign.
S indicates that the variable was significant (90 percent level) in at least one model with a negative sign.
* Indicates agreement (in significance and sign) with Seneca and Davis.
* * Indicates disagreement (in significance and sign) with Seneca and Davis.
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EFFECTS OF PAST APPLICATIONS OF LIMESTONE
ON HEIGHT GROWTH OF SHORTLEAF
PINE AND LOBLOLLY PINE
A.R. Gilmore
Gilmore and Boggess (1963) observed that limestone
appeared to depress height growth of shortleaf pine (Pinus
echinata Mill.) and loblolly pine (P. taeda L.) on a silt loam
soil in southern Illinois. But survival was extremely poor on
these limed plots, and a more detailed investigation was
needed to confirm the results of this study. Gilmore later
reported that application of hydrate of lime one year
before planting shortleaf and loblolly seedlings resulted in
retarded height during the first ten growing seasons
(Gilmore, 1974, 1975). On an area adjacent to the hydrated
lime plots, these two pine species were planted on plots
that had been previously limed with crushed limestone over
a fifty-year period. This note reports the effect of these
past limestone treatments on height growth of shortleaf and
loblolly pines after twelve growing seasons.
The Enfield Soil Experiment Field was established in
southern Illinois in 1912 as part of a statewide research
program in crops and soils. When the field was established,
the area was divided into four blocks of ten plots each that
received the following basic treatments singly and in
combination to a rotation of corn, winter oats,
clover-alfalfa hay, and wheat:
O
M
R =
P =
no treatment
manure - 1 metric ton of manure applied,
preceding the corn crop, for each ton of crops
grown during the crop rotation
crop residues - stalks, chaff, and straw produced in
rotation
limestone - 9 t/ha applied in the beginning and 2
t/ha applied each 4 years thereafter through 1961
for a total of 33 metric tons
rock phosphate - 4 applications of 2.2 t/ha each
from 1917 to 1961.
These basic treatments were systematically assigned, in the
following combinations, to the ten plots in each block: O,
M, ML, MLP, O, R, RL, RLP, RLPK, O. Treatments were
continued through the 1963 growing season when
agronomic research was discontinued. Shortleaf pine and
loblolly pine seedlings (1-0 stock) were hand planted at a
1.8- x 2.0-m spacing in the spring of 1964. A more complete
description of the experimental area is given in an earlier
paper (Gilmore, 1972).
RESULTS AND DISCUSSION
Shortleaf pine and loblolly pine were significantly taller
on plots which had not received limestone (Table 1).
Shortleaf averaged 5.7 m on the unlimed plots and 5.2 m
on the limed plots; loblolly averaged 8.1 m and 7.6 m on
the unlimed and limed plots, respectively. These results
substantiate previous reports (Gilmore 1972, 1974, 1975)
that liming will retard height growth of these pine species.
Although the cause for reduced height growth following
liming cannot be determined from this study, a deficiency
of phosphorus can be ruled out as a cause of reduced tree
growth on limed plots since total foliar phosphorus
averaged 0.15 percent for shortleaf pine and 0.16 percent
for loblolly, and no significant difference was found
between limed and unlimed plots. These phosphorus
concentrations are above the minimum foliar levels
considered necessary for adequate growth for these species
(Wells et. al., 1973). Root growth of the pine may have
been restricted in the limed plots. At least Smilde (1973)
reported that liming decreased root growth of Scotch pine.
If root growth was restricted by liming, as the present study
indicates, then uptake of both soil moisture and nutrients
would have been reduced, and height growth of the pine
would have been retarded.
The most striking difference between the earlier reports
and this report is the range in soil pH. The pH ranged from
4.7 to 6.8 in the earlier studies where only limestone was
used, and from 4.3 to 5.6 in this study (Table 1). The
reason for this difference in range of pH is not known. But
range in soil pH was not the direct factor in tree growth
since past liming with limestone or recent liming with
hydrate of lime has resulted in retarded height growth of
both pine species.
There are reports in the literature that loblolly pine will
grow better than shortleaf on adverse sites. For instance,
loblolly pine grows better in the Atlantic coastal plains on
poorly drained soils than does shortleaf pine (Coile, 1952).
These results might be interpreted to mean that loblolly
pine will tolerate a higher concentration of soil aluminum
than shortleaf since poorly drained soils normally have
higher concentrations of this ion in the soil solution (and a
lower pH) than do well-drained soils.
A portion of this research was supported by funds from the Illinois Agricultural Experiment Station, Hatch Project 55-383.
The author is a professor in the Department of Forestry.
There was no major difference in the sites in this study,
which had the same soil type, pH, drainage, and past
fertilizer treatments, but growth rates of the two pines are
different. It is well recognized that loblolly pine grows
faster than shortleaf, but liming resulted in growth
reduction of almost 10 percent for shortleaf and only about
4 percent for loblolly. The cause for this difference in
height growth of the two species when grown on limed
areas is not known, but the difference may be related to the
ability of loblolly to tolerate more adverse environmental
conditions than shortleaf. It should be safe to assume that
all nutrients were equally available on comparably treated
plots. Therefore, it is further assumed that loblolly is less
affected by low soil nutrient supply than shortleaf. At least
Gilmore (1972) concluded that liming resulted in a
deficiency of potassium, which curtailed the growth of
shortleaf pine.
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Table 1. Effects of Past Agricultural Treatments on Soil pH
and Growth of Shortleaf Pine and Loblolly Pine in
1976a
Treatment*5 pH Height (m)
0-15 cm 15-30 cm
Shortleaf pine
O 4.6 c 4.4 b 5.6 b
M 4.5 c 4.4 b 5.7 ab
ML 5.6 ab 5.3 a 5.0 d
MLP 5.6 ab 5.2 a 4.9 d
R 4.5 4.4 b 5.8 a
RL 5.2 b 5.1 ab 5.3 c
RLP 5.9 a 5.5 a 5.3 c
RLPK 5.7 ab 5.6 a 5.4 be
Loblolly pine
O 4.4 c 4.3 b 7.9 b
M 4.3 c 4.2 b 8.0 b
ML 5.5 ab 5.4 a 7.7 c
MLP 5.4 ab 5.1 a 7.7 c
R 4.3 c 4.2 b 8.4 a
RL 5.0 b 4.8 b 7.6 c
RLP 5.8 a 5.6 ab 7.7 be
RLPK 5.6 ab 5.6 a 7.5 c
treatment means followed by the same letter are not
significantly different (0t=.05); Duncan's multiple test.
For explanation of treatment abbreviation see text.
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At the time of settlement, nearly 85 percent of the land
in southern Illinois was covered by deciduous forest, most
of which was of high quality [Spaeth, 1948] . The better
soils were cleared for agricultural use, and only those too
rocky or steep for farming were left in forest. Poor land-use
practices, coupled with loessial soils that were easily
eroded, led to large-scale land abandonment, particularly
during the depression years of the 1930's. A program to
reforest abandoned lands began during these years with the
advent of the Civilian Conservation Corp and the establish-
ment of the Shawnee National Forest.
Because the site quality of these abandoned lands had
been lowered to a point where native hardwood species
could not be successfully reestablished, it was necessary to
plant species with less-exacting site requirements [Minckler,
1952]. Two southern pine species, shortleaf pine (Pinus
echinata Mill.) and loblolly pine (Pinus taeda L.), proved to
be very successful [Boggess and Gilmore, 1963] .
Bazzaz [1968] completed the only comprehensive stu-
dy of a natural succession from abandoned agricultural land
to a hardwood forest in southern Illinois. The process is
slow, particularly when compared to successional rates in
the Southeastern United States where pines quickly invade
old fields and the entire successional sequence to a hard-
wood forest may be completed in 200 to 300 years [Oos-
ting, 1942].
Arnold and Boggess [1971] examined southern Illinois
pine plantations to determine the ecological role of these
interjected plant communities in the reversion of aban-
doned agricultural land to native hardwood. They deter-
mined that the pine plantation had reduced the time re-
quired for the reestablishment of oaks by 25 to 50 years.
The purpose of this study was to develop a comprehen-
sive picture of microenvironmental conditions in an aban-
doned field and a loblolly pine plantation, both of similar
age. A comparison of microenvironmental parameters be-
tween the two study areas might lead to a partial explana-
tion of the observed acceleration in succession. The results
of the air- and soil-temperature phase of the study are pre-
sented here.
Many temperature studies have been conducted, com-
paring forest cover and open fields or prairies; but little
work has been reported about abandoned fields [Hallin,
1967; Jeffrey, 1963; Raynor, 1971]. Direct comparisons
between these studies should be avoided because microcli-
mates vary tremendously among plant communities
(species, age, structure, and locality). Even so, general
trends are comparable.
Morgan and Old [1972] working in east-central Illinois
measured aerial temperature at 50 and at 2 centimeters in a
hardwood forest and a prairie. Significant differences were
found at the 2-centimeter level in the month of June and at
the 50-centimeter and 2-centimeter levels in January. Re-
cordings were also taken at a depth of 5 centimeters, at
which the forest was warmer during all seasons except sum-
mer. Jemison [1934] found significantly higher air and soil
temperatures during July and August as the plant cover
decreased. Working in an old field and on oak-hickory for-
est in New Jersey, Sparkes and Buell [1955] measured the
aerial temperature at 50, 20, and 2 centimeters as well as at
4 centimeters below the soil surface. Their studies showed
pronounced annual and seasonal temperature differences
between the 2 areas, both annual and seasonal. The pine
plantation modified the temperature extremes compared to
a prairie in Wisconsin in a study conducted by Selleck and
Schuppert [1957].
Della-Bianca and Dils [1960] found significant differ-
ences in the soil temperature at 18 and 36 inches between
an open field and a 40-year-old pine plantation throughout
the growing season. Green [1953], working in the South
Carolina Piedmont area, determined that the presence of
vegetation had its greatest effect on soil temperature in the
summer months. The soil temperature was progressively
cooler from the barren plot through the broomsedge field,
12-year-old loblolly pine, and 40-year-old shortleaf pine
and hardwood forest. Spaeth and Diebold [1938] , working
in south-central New York, reached the same conclusion.
DESCRIPTION OF THE STUDY AREA
The study was conducted on an adjacent abandoned
field and loblolly pine plantation located in the vicinity of
the Dixon Springs Agricultural Center in Pope County, Illi-
nois. The climate of the area is continental in character,
with cold winters and hot summers [Page, 1949] . July is
-'Supported in part by Illinois Agricultural Experiment Station Project 55-343. ^Research Assistant and Associate Professor,
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the warmest month of the year, with a mean temperature
of 26.7 C, while January is the coldest month, with a mean
temperature of 2.8 C. The length of the growing season,
defined as the number of days between the date of the last
killing frost in the spring and the first one in the fall, is
between 180 and 200 days. The winds are mostly from the
southwest, west, and northwest. The southwest winds are
somewhat more common in the summer, those from north-
west in the winter.
The area receives the highest amount of precipitation
within the state, averaging 118 centimeters annually [Ar-
nold, 1977] . The distribution of precipitation is relatively
uniform throughout the year. However, the highest month-
ly precipitation occurs during March, April, and May, while
September and October are the driest months. Less than 10
percent of the annual precipitation falls as snow, with the
highest amount occurring during the month of February
[Page, 1949].
The pine plantation was planted in 1937. The spacing
was 1.8 meters square. The stand now has an average height
and dbh of 24.4 meters and 22.9 centimeters, respectively.
No silvicultural practices have been carried out on the plan-
tation, although some thinning has occurred due to severe
winter storms. The plantation contains abundant hardwood
regeneration. Arnold and Boggess [1971] , working in sou-
thern Illinois, reported that the total number of seedlings
per acre in pine plantations varied from 2,200 to 6,500,
with red oak and cherries being the most predominent.
The field, which was abandoned approximately 40
years ago, contains a mosaic of habitats. Dominant in the
tree layer are persimmon (Diospyros virginiana L.), sassafras
(Sassafras albidum Nutt.), Eastern red cedar (Juniperus vir-
giniana L.), winged elm (Ulmus alata Michx.), and yellow-
poplar (Liriodendon tulipifera L.). In the herb layer,
broomsedge (Andropogon virginicus L.) and goldenrod
(Solidage altissina L.) are dominant.
Grantsburg silt loam, a typic fragiudalf soil, is the major
soil type. The Grantsburg series are light-colored soils deve-
loped under forest vegetation on slopes of 2 to 18 percent
in less than 200 centimeters of loess soil over sandstone
residuum or bedrock. The surface (uneroded) is a silt loam
20.3 to 30.5 centimeters thick, underlain by a silty clay
loam B horizon. A moderately well-developed silt pan (frag-
ipan) occurs in the lower B and C, usually at depths of 76.2
to 91.4 centimeters from the surface. The fragipan is mas-
sive in structure, hard and compact. It is the least permea-
ble horizon; and as such it limits the downward movement
of water and offers some mechanical impedance to root
penetration.
The 91.1 centimeters of rainfall in 1976 was abnormal-
ly low compared to the mean annual rainfall of 118.4 centi-
meters. The 1976 rainfall figures for August and December
were only 1.1 and 1.7 centimeters, respectively. Less than
4.6 centimeters fell in each of three other months. The
1977 rainfall was 117 centimeters, approximately equal to
the mean annual rainfall. However, the yearly distribution
was abnormal. In March, August, and September, an extra
15.2, 3.3, and 3.6 centimeters, respectively, were recorded.
April was lower by 6.7 centimeters.
MATERIALS AND METHODS
The microenvironmental study included measurements
of the air and soil temperatures, net radiation, wind speed,
and soil moisture.
The air temperature was monitored at a height of 0.5
meters. The soil temperature was measured at the soil sur-
face and at depths of 2.5, 5.1, and 10.2 centimeters.
Copper-constantan thermocouples were used for tempera-
ture measurements [Daubenmire, 1943] . The aerial ther-
mocouple was shielded to reduce the effect of incoming
radiation [Geiger, 1959]. Recordings were made on the
hour by a Honeywell Electronik Multipoint Recorder (Mo-
del 112). Recordings between thermocouple points were
obtained within 36 seconds of the initial and final recording
point.
Four days were randomly selected from each month
and an average monthly temperature for each level was
computed, resulting in a total of 96 recordings per mean.
These means were compared to determine whether there
was a significant difference between the two areas over the
two-year study period. The t-test was used to make statis-
tical comparisons at the 0.05 level of confidence [Steele
and Torrie, 1960] .
The study began in March, 1976 and is continuing.
Twenty-four months of data are reported here.
RESULTS AND DISCUSSION
Statistically significant differences occurred at the 0.5
meter height only during months with extreme tempera-
tures: July, August, November, December, January, and
February. The pine plantation moderated the "highland
lows." A highly significant difference was found
ft.
the soil
surface and at 2.5, 5.1, and 10.2 centimeters during every
month except June.
Temperatures in both areas showed similar oscillating
patterns throughout the study period (Figure 1). The field
was warmer in the spring and summer. The pine plantation
maintained warmer temperatures during the fall and winter
(Figure 1). These results concur with those of other similar
studies [Della-Bianca and Dils, 1960; Fritts, 1961; Greene,
1953; Jemison, 1934; Sparkes and Buell, 1955] .
The full significance of a meterological observation is
not always clear because of the difficulty of separating the
effects of interrelated variables [MacHattie and McCor-
mack, 1961] . This is particularly applicable to temperature
measurements.
Variables affecting the temperature divide into two
groups: those influenced by the plant cover and those that
are not [MacKinney, 1929] . The first group includes radia-
tion (reradiation), the amount and intensity of rainfall that
reaches the soil, humidity, the depth and duration of the
snow cover, wind velocity, depth of litter, soil moisture,
and the organic-matter content of the soil. The second
group includes cloudiness, latitude, altitude, and slope.
The temperature differences in this study are primarily
due to the variables influenced by plant cover. Both study-
areas are equally influenced by the variables in the second
group (ones not influenced by plant cover).
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Vegetation exerts its primary effect on temperature by
affecting radiation [Greene, 1953; Raynor, 1971]. The can-
opy in the pine plantation intercepts the incoming radia-
tion, resulting in lower maximum temperatures near the soil
surface [Gary, 1974]
.
The area near the ground in the field and the pine can-
opy are very similar. Both are major heat-absorbing and
radiating surfaces. As a result, the field experiences its max-
imum temperature near the soil surface [Geiger, 1959] .
Reradiation exerts a large influence on nightime tem-
perature. The canopy in the pine plantation reradiates to
the soil surface. The result is higher minimum temperatures
than in a field with no mechanism for retaining longwave
radiation.
The moisture in the litter layer and upper soil surface
interacts with the heat entering the soil surface. In a grass-
land study in Nebraska, Halstead [1954] found that when
the soil moisture was high, as much as 85 percent of the net
incoming radiation energy went into the latent heat of
evaporation, leaving only 15 percent as heat at the surface.
A minimal temperature rise was thus produced. The soil
moisture at the surface in the pine plantation was signifi-
cantly higher than that of the field over a 20-month study
period, resulting in less heat and lower surface temperatures
[Warren and Rolfe, 1978].
A well-developed litter layer decreases the maximum
temperature in the spring and increases the minimum tem-
perature in the autumn months [MacKinney, 1929] . The
thermal conductivity of the litter layer is usually lower than
that of the soil, resulting in less heat reaching the soil sur-
face during the summer months [Hanks et ai, 1961] . The
litter layer also functions as an insulating blanket, decreas-
ing the loss of heat by reradiation at night [MacKinney,
1929] . The pine plantation benefits from its well-developed
litter layer. By contrast, the old field has only a thin and
patchy layer of litter.
The organic-matter content affects soil temperature by
lowering the specific heat of the soil, since organic matter
has a lower specific heat than sand or clay [Greene, 1953] .
Rolfe and Boggess [1973], working in southern Illinois,
found that old fields were significantly higher in organic-
matter content than pine plantations. As a result, less heat
is required to raise the temperature of the soil in an old
field compared to a pine plantation.
Wind does not play a large role in influencing tempera-
ture until it reaches a speed of 4 meters per second. At that
point, the wind slightly lowers the average temperature in a
forest [Vaartaja, 1954] .
CONCLUSION
The importance of temperature during germination and
seedling establishment is stressed by a number of research-
ers who have suggested that temperature is the determining
factor in seedling survival [Haig, 1932; Jemison, 1934; Mag-
uire, 1955; Vaartaja, 1952].
The significant differences found in this study illustrate
the totally differing environments of hardwood seeds in
pine plantations and in abandoned fields. The pine planta-
tion creates more favorable conditions for hardwood germi-
nation and survival by moderating the temperatures and
maintaining a higher moisture content at the soil surface
[Warren and Rolfe, 1978]. Marquis [1967] also pointed
out that temperature and moisture operate interdependent-
ly in determining germination and seedling survival.
Better soil conditions in general as well as plant cover
and a readily available seed source due to increased animal
activity also contribute to the higher hardwood reproduc-
tion found in these pine plantations compared to aban-
doned fields.
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DISTRIBUTION AND RELATIVE ABUNDANCE OF SMALL MAMMALS
IN THE ILLINI FOREST PLANTATION, URBANA, ILLINOIS
James M. Sovak
ABSTRACT: The abundance and distribution of small mammals were analyzed for correlation with the vegetational characteris-
tics of their habitat. Positive correlations were found for the number of mammals trapped per area trapped versus the total ground
cover (r= .67, P< .05) and for the number of mammal species versus total ground cover (r= .73, P<.05). The habitat preferences
of the three species trapped (short-tailed shrews Blarina brevicauda, white-footed mice Peromyscus leucopuus, and meadow voles
Microtus pennsylvanicus) showed a distinct distributional pattern for the species in relation to their habitats. The management of
forest-tree plantations to achieve high densities during the seedling stage and the use of silvicultural practices that promote high
shrub densities are suggested as inexpensive and natural control measures for injurious microtine rodents. Seedlings must be
permitted to reach a sufficient height to remove the risk of the shrubs overtopping them.
Habitat selection by small mammals is a well-
documented fact [Getz 1970, Grant 1971, Miller and Getz
1977, Richens 1974, Thompson 1965, Williams 1955] .
However, studies concerning the number and distribution
of small mammals in diverse habitats within a small geo-
graphical area are not very common. Experimental forest
plantations offer the necessary diversity of habitat on the
requisite scale.
This study was designed to examine the number of indi-
viduals and the species of small mammals present in distinct
types of habitats in an experimental forest plantation. Gen-
eral comparisons were drawn between the data obtained for
this study and those collected by other investigators within
the same general area in the past. Recommendations are
made for the natural control of rodent pests in the initial
years of forest plantings to reduce damage to seedlings.
Some questions that arose during the investigation are pre-
sented as possibilities for future research.
STUDY AREA
The Illini Forest Plantation is an area of approximately
13 hectares located on the southern edge of Urbana, Illi-
nois. The surrounding areas are farm land, urban develop-
ment, or other University study facilities, such as those
used for dairy production, plant pathology, and so on.
Because of this pattern of land use, the plantations provide
the only area of good wildlife cover on the campus of the
University of Illinois at Urbana-Champaign.
The soils of the area are classified as silt loams or silty
clay loams of loessal origin. The drainage classification as
well as the suitability of the soils for different land uses
vary widely [Alexander et al. 1974] . This, along with the
type and density of the tree canopy, has largely determined
the composition of the shrub and herb layer found in each
stand.
Seven separate areas were chosen as sampling sites
(Figure 1). All of the sampled areas had not been disturbed
by thinning, weeding, and the like for at least the last 15
years [J.J. Jokela, personal communication] . All sampled
areas were planted between 1951 and 1955. The areas
varied in size from 0.11 to 0.42 hectare. Three of the plots
had been planted with coniferous species using a spacing of
1.8 meters between trees and rows. The hardwood species
were originally planted on two plots at spacings of 2.4 me-
ters between trees and rows. Severe mortality in the stands
of shortleaf pine (Pinus echinata Mill.) and loblolly pine
(Pinus taeda L.) due to lack of winter hardiness have re-
duced them to an open, park-like habitat with 247 and 255
trees per hectare, respectively (Table 1). The vegetative
cover on these two plots is typical of habitats in old fields
[Bazzaz 1968] .
METHODS AND MATERIALS
Vegetational data were obtained from sample plots
spaced at intervals along transects. The spacing between
plots was proportional to the area of the sample site. The
total ground cover was calculated as the mean percentage of
the area covered by living and dead plant material between
and 5 centimeters above the ground. Vegetational sampl-
ing was carried out between October 9, 1977, and
November 4, 1977.
Trapping commenced on October 28, 19 7 7, and was
completed on November 23, 1977. In each sample area, a
number of Sherman-type traps were placed in proportion to
The author is grateful to R.D. Applegate for the use of equipment and for much useful advice and guidance. Additional
advice, information, and support were provided by J.J. Jokela, L.L. Getz, and A.G. Jones. The University of Illinois
Department of Forestry made available the area where the study was undertaken. J.M. Xovak is a graduate research assistant,
Department of Forestry.
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the area, ranging from 8 to 24 traps. In this way, equal
trapping intensity was achieved on each area sampled. The
traps were placed in a circle with one trap in the center,
after the method suggested by Stickel [1946]. The area
trapped was adjusted to be proportional to the area of the
sample site by varying the diameter of the circle. Trap cen-
ters were randomly selected. The only stipulation was that
no trapping area was to extend closer than 3.05 meters to
the edge of the plot. The traps were checked at least once a
day, just after dawn; and if weather conditions dictated,
1 in. = 61 m
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'///////
/loblolly/
scotch
pine
jack
pine
Virginia
pine
pitch
pine
eastern white pine
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Figure 1. Location of trapping areas in the I Hint Forest Plantation.
they were also checked just after dusk. Trapping was con-
tinued for 3 days on each sample site.
Since the object of the study was to determine the
relative population of small mammals within each sample
site, no attempt was made to estimate the actual population
on each site. This would have involved some type of mark-
recapture technique or snap-trapping on line transects
[Delaney 1974, Golley et at. 1975, Overton 1971, Stickel
1946, Stickel 1954]
.
RESULTS AND DISCUSSION
An examination of the vegetative data (Table 1) reveals
that the major species in the herb and shrub layer are native
or naturalized "weed" species [Jones 1971, A.G.Jones,
personal communication] . However, as expected, the den-
sity of the herbaceous understory resulting from natural
succession has declined greatly since the time of initial
planting (Jokela and Lorenz 1959, A.G. Jones, personal
communication] .
Nineteen small mammals were caught in 318 trap nights
(Table 2), an average of 1 animal caught for 16.67 trap
nights. Three species were represented in the catch: short-
tailed shrews (Blarina brevicauda Say.), meadow voles
(Microtus pennsylvanicus Ord), and white-footed mice
(Peromyscus leucopus Rafineque). No house mice (Mus
musculus Linnaeus), prairie voles (Microtus ochragaster
Wagner), or deer mice (Peromyscus maniculatus Wagner),
which were trapped by Hoffmeister (unpublished) in Sep-
tember of 1971, were caught.
Several correlations were run between the total number
of mammals trapped per area and (1) the total ground
cover, (2) the total number of vegetational species found,
and (3) the density of the stand. The total number of
small-mammal species on each area was also tested for cor-
relation with the same three vegetational factors. Good cor-
relations, considering the small sample size, were found for
[(total mammals per area trapped) + 1.0] versus In total
ground cover (r= .67, P< .05) and In [(total number of
mammal species) + 1.0] versus In total ground cover (r=
.73, P< .05). (see Figure 2.) The number 1.0 was added as
an arbitrary constant to the total mammals per area trapped
and the total number of mammal species so that the natu-
ral logarithm could be taken for all values, even those which
were initially zero [Steel and Torrie 1960] . These figures
show a fairly high degree of correlation between the total
ground cover and the total number of species and individu-
als on the sample sites. These results agree in theory with
the findings of Miller and Getz [1977], who worked with
correlations of abundance of individual species with various
habitat factors in Connecticut and Vermont.
Qualitatively, the data (Table 2) show that the three
small-mammal species tended to divide up the available
habitat according to their own preferences. Short-tailed
shrews were found mainly in dry, open, grassy areas with
dense ground cover (total ground cover, to 5 centimeters,
98 to 99 percent). Meadow voles sought open, grassy areas
which tended to be moister than those frequented by the
shrews. White-footed mice preferred hardwood stands with
Table 1. Summary of the Vegetation Analysis
Gound cover, Stand Major under-
Stand at 0.5 cm. density story species No. of
(area, ha.) (percent) (stems/ha.) (% total freq.) species
Red pine
Pinus resinosa Ait
(.31)
Field I
(.31)
Shortleaf pine
Pinus echniata Mill.
(-15)
Loblolly pine
Pinus taeda L.
(.15)
Bur oak
Quercus
macro carpa Michx.
(.35)
Field II
(.11)
Mixed hardwoods
(.42)
22.5
99.0
98.0
98.0
31.3
99.0
33.0
2,990
247
255
1,680
1,680
Phytolacca americana
Arctium minus
Medtcago sativa
(82.5)
Carex spp. (2 spp.)
(97.1)
Carex spp. (2 spp.)
Rudbeckia hirta
Pastinaca sativa
(94.3)
Carex spp. (2 spp.)
Toxicodendron radicans
Rosa multiflora
(97.5)
Prunus serotina
Carex spp. (2 spp.)
Rubus flagellaris
Pastinaca sativa
Toxicodendron radicans
(88.1)
Carex spp. (2 spp.)
Pastinaca sativa
(99)
Rubus flagellaris
Carex spp. (2 spp.)
Daucus carota
Rubus occidentalis
Rhus typhina
Prunus serotina
Toxicodendron radicans
(88)
9
10
13
15
15
Table 2. Summary of Trapping Data
Stand
No. of
mammals
No. of
species
Species
caught
Trap
area (m2)
Red pine
Field I
Shortleaf pine
Loblolly pine
Bur oak
Field II
Mixed hardwood
Totals
1
3
3
4
4
19
1
2
1
1
1
3
1 Blarina brevicauda
2 Blarina brevicauda
1 Microtus pennsylvanicus
2 Blarina brevicauda
2 Peromyscus leucopus
3 Peromyscus leucopus
4 Microtus pennsylvanicus
4 Peromyscus leucopus
58
58
29
29
65
26
78
343
less ground cover at to 5 centimeters than the preferred
habitats of the meadow vole or short-tailed shrew. These
types of habitat preferences agree with those found by
other investigators [Hoffmeister 1972, Miller and Getz
1977, Richens 1974].
Microtine rodents can cause large amounts of damage to
young trees in plantations in the midwest (Jokela and
Lorenz 1959] . The voles feed on the cambial layer of the
young trees in the winter and can effectively girdle many
trees [Jokela and Lorenz 1959] , especially when they are
at a population peak [Krebs et al. 1973]
.
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Figure 2. Relationship between total mammals per trapped area
with total ground cover and total mammalian species
with total ground cover.
If either the stand or a shrubby understory can be kept
very dense, a dense herb layer can be prevented from devel-
oping. This was the case in the red pine stand, which had a
very dense growth of pokeweed {Phytolacca americana) at
about 1.5 meters above the ground. No mammals were
caught in this stand. Due to their habitat preferences, one
should not expect large numbers of microtine rodents to
develop in this area. At extremely high densities, however,
voles will utilize a less-suitable habitat to a small degree
[Grant 1971].
Effective management to maintain a dense stand of
young seedlings followed by a dense stand of shrubs, when
the shrubs are no longer competing with the seedlings for
light, may be effective in controlling microtine rodents
without expensive and environmentally degradating control
measures, such as the use of rodenticides and clean cultiva-
tion. The assumptions are that the tree species can tolerate
the shrub layer and/or crowding and that such conditions
will not reduce economic returns below those which would
have accrued with no protective measures.
COMMENTS
Some interesting questions pertaining to the small-
mammal population of the Illini Forest Plantation were
raised during the investigation. First, what caused the tran-
sition from a microtine population consisting primarily of
prairie voles in the past [Jokela and Lorenz 1959, Getz,
personal communication] to the current population which
is mainly meadow voles? Second, what effect does hunting
by mammalian predators such as feral house cats (Felts
catus Linnaeus) and avian predators such as great horned
owls (Bubo virginianus) have on the small-mammal popula-
tion? Third, what are the inter-specific relationships
between the small mammals in these stands? Since each of
these questions poses several subquestions, much fruitful
research remains to be done concerning the population
dynamics of small mammals in the Illini Forest Plantations.
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Estimates of recreation benefits developed with travel-
cost-based models that do not consider the opportunity
cost or value of travel time present a biased viewpoint
[Dwyer, Kelly, and Bowes 1977; Cesario 1976; Cesario and
Knetsch 1970; Knetsch 1963] . This report treats the theo-
retical and empirical issues of including time in travel-cost-
based models and makes recommendations for improving
the models and the resulting estimates of use and benefits.
Two ways to account for time in travel-cost-based
models are to: (1) include travel time as a variable in the
model, or (2) develop a dollar value for time and use that in
the trip or first-stage demand equation in lieu of time itself.
The first approach is likely to be hampered by severe multi-
collinearity.i.e., the influences of'travel distance and travel
time on recreation behavior are closely correlated and con-
sequently are virtually inseparable [Cesario and Knetsch
1970; Brown, Singh, and Castle 1964] . Hence, the esti-
mates of the regression coefficients in the trip-demand
curve would be biased and thus undependable. If the trip
demand is in the form of Equation 1, the correlation be-
tween the dollar cost of travel, Cy, and the time cost, Tjj,
would make the a and /3 values derived from an ordinary
least-squares regression inaccurate [Johnson 1971] .
Vjj = K - aCy - p^ij (1)
where: Vjj = visits per capita from origin
i to site j
K = a constant
Cji = money cost of a round trip
from origin i to site j
Tjj = time necessary for a round
trip from origin i to site j
.
To overcome this problem, Brown and Nawas [1973] sug-
gested that time and money should be separated. This pro-
cedure was employed by Gum and Martin [1975] and by
Sublette and Martin [1975]. The procedure requires the
collection of trip-frequency and trip-cost information from
each user. The approach has yet to receive wide acceptance
as a theoretical method for removing the bias caused by
multicollinearity.
Aside from the theoretical questions yet to be resolved,
the procedure increases greatly the cost of data collection.
Furthermore, since respondents would be asked to indicate
how much money they spent in order to use the site, this
form of disaggregation would introduce the possibility of a
gaming strategy by the respondents and biased estimates of
benefits. For these reasons, the discussion here focuses on
the second method, which involves developing a dollar
value for time and using that in the equation in lieu of time
to correct the estimation bias caused by omitting time from
the equation.
The bias encountered by not reflecting time in the
travel-cost-based model may be demonstrated with a simple
example. Let us assume that (1) two origins, A and B, are 5
and 15 miles, respectively, from a recreation site; (2) uni-
form travel costs of 10 cents per mile round trip are in-
curred by individual users from both points of origin and
that therefore the round- trip cost from A is SI and from B,
S3; (3) with no user fee, there are 10 visits per capita from
origin point A and 5 from point B. Now consider the impo-
sition of a $2 fee at the site. The basic travel-cost-based
method would predict that the visits per capita from point
A would drop to 5 because the total dollar cost of using the
site from point A is now equivalent to what it had been at
point B before the fee was imposed. However, the amount
of time necessary to travel to the site from point A is less
than that from point B. Therefore, the visits per capita
from point A with a $3 trip cost should be more than 5 but
less than 10. Thus, if travel time is ignored in the model,
the recreation benefits are underestimated because too few-
visits per capita are predicted for each fee level considered.
The specifics of this underestimation may be illustrated
with an example using a travel-cost-based model. Consider
the hypothetical data presented in Table 1. Assume that all
users come from the three points of origin indicated and
that the entry fee at the site is zero.
The ultimate goal of the approach to travel time illus-
trated here is to use an observed dollar value for the time
spent travelling in the trip-demand equation, rather than
using the estimated regression coefficient for time. Doing so
requires a value for p\ which because of multicollinearity
cannot be derived readily from the estimates produced by
using Equation 1. The symbol represents the effect of
changing the amount of travel time on the number of visits
per capita.
1
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2Table 1. Data for the Basic Travel-Cost-Based Method,
Including Travel Time
Origin
A
B
C
Popu-
lation
No. of
visits
Visits
per
capita
Trip
cost
per
capita
1,000
2,000
3,000
2,000
8,000
24,000
2
4
8
$8
6
2
Travel
time
(hours)
3.2
2.4
0.8
Vjj. If trip-demand curves are drawn relating the number of
visits to the travel cost, each point of origin will have a
distinct demand curve. Each curve is developed by incre-
menting the dollar trip cost, while keeping the time cost of
the trip constant. That is, the travel variable is evaluated at
its actual level for each point of origin, and the three trip-
demand curves shown in Table 2 are found. The demand
curves for each point of origin are shown in Figure 1. The
dashed line is the incorrectly estimated demand curve from
the basic travel-cost-based model when time is ignored,
Vy = 10-Cy.
Suppose we know that an hour of a typical recrea-
tionist's leisure time is worth 40 cents to that person. If so,
increasing his or her trip time by 1 hour should have the
same effect on the pattern of visits as increasing the cost by
40 cents. Substituting 0.4 for j3/a in Equation 1 would
incorporate that information. Equation 1 could be reformu-
lated as Vjj = K - 0-(Cw - -4Ty). Then, only a would remain
to be estimated, so multicollineanty would no longer bias
that estimate.
This formulation is the equivalent of saying that a recre-
ationist is indifferent about a 1-hour increase in his or her
travel time compared to a 40-cent increase in the cost, i.e.,
the same number of visits would be made either way.
Therefore, the coefficient 0.4 represents the rate at which
the recreationist is willing to incur greater dollar costs to
save time.
Economists call this relationship a time-money tradeoff.
Assuming a constant tradeoff rate is equivalent to assuming
that the tradeoff is linear. In the present example this
simplest type of tradeoff is used. Nonlinear tradeoffs and
alternately derived estimates of j3/a are discussed later.
The generalized trip cost from origin i to site I, Djj, is
presented in Equation 2:
Dn = Qi + .4Tii (2)
where: C[\ = money cost of a round trip
from origin i to site I
Tjj = t h e amount of time
necessary for a round trip
from i to I
.4T = the value of the travel time
necessary to reach site I
from origin i.
Again, the coefficient 0.4 represents the assumed value
of an hour of travel time. Also, we assume that the recrea-
tionist considers an hour of trip time to be the cost equiva-
lent of 40 cents. To an economist, this assumption means
that the visitors have available to them alternate uses of
their travel time worth 40 cents. Researchers commonly use
a fraction of the average wage rate for this value.
10 - .862D;
Table 2. Trip Demand Equations, Trips per Capita Versus
Travel Cost per Trip
Vij =
'ij (3)
(4)
Substituting for Djj from Equation 2 yields:
Vjj = 10- .862Cy-'.344Ty
where: Vjj = visits per capita from origin i to site j
.
The appropriateness of Equation 4 is most easily veri-
fied by substituting the data from Table 1 and solving for
Point of
origin Equations for each point of origin
A Vy =
B Vij =
C Vij =
10 -
10 -
10 -
.344(3.2) - 0.862 Cjj = 8.90 - 0.862 Cy
.344(2.4) - 0.862 Cjj = 9.17 - 0.862 Cjj
.344(0.8) - 0.862 Cjj - 9.72 - 0.862 Cy
o
o
—I
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>
<
10 122 4 6 8
VISITS PER CAPITA
Figure 1. The trip-demand curve.
The results are easily interpreted. The "true" demand
curve (which accounts for travel time) for an individual
from point C (shown by the solid line through C) indicates
that as costs increase, visits will decrease, but at a lower rate
than would be estimated by the dashed demand curve (Vjj
= 10 - Cy) where travel time is ignored.
If the entry fee were raised to $4 so that the trip cost
for individuals from point C were $6, those individuals
-3-
would not reduce their visits to 4, as predicted by the
travel-cost method ignoring time (Vjj = 10 - Qj), but to
4.55 as predicted by the equation for point C in Table 2.
This is so because individuals from point C who are re-
quired to pay an entry fee. of $4 have the same trip cost
($6) as residents from B with a zero user fee, but they do
not have to spend as much time travelling as individuals
from B, who made 4 visits when the trip cost was $6.
The extent to which the slope is incorrectly estimated
when time is ignored is the bias in the estimates of coeffi-
cients for variables, caused by omitting the relevant vari-
ables [Johnston 1972] . The greater that error, the poorer
the estimates of use and benefits will be.
THE VALUE OF TIME
Economists consider the cost of a good to be the value
of the resources that must be given up to obtain or to use
it. The cost of using a recreational facility clearly is not
only the money that must be spent on the trip, user fees
and the like, but also the time involved in the trip.
Like other resources, time is valuable because it is
scarce and has alternate uses. The question of concern is the
value of a particular block of time used for travel to a
recreation site. Traditional ecomic theory, which assumes
that everyone has the opportunity to work as much as he or
she wants, suggests that all time not spent at work should
be valued at the wage rate foregone.
Aside from the question of the appropriateness of this
assumption, good a priori reasons have been suggested for
considering the value of nonwork time to be less than the
wage rate [Johnson 1966] . The argument is essentially that
the wage can be thought of as a payment' for the desirable
leisure foregone and for the marginal disutility of work
effort. That is, the wage must compensate not only for the
fun missed by having to work but also for the tedium
endured on the job. Consequently, the wage must have a
higher value than the leisure time foregone whenever the
individual would prefer not to work but does so anyway.
Johnson claims that standard utility-maximization
models which omit work and leisure time implicitly assume
that the satisfaction derived from leisure activities is zero,
for example, see Henderson and Quandt [1971]. The fol-
lowing model, which is similar to the one presented by
Johnson, shows that the wage generally exceeds the value
of leisure time.
The model is based on the assumptions that (1) the
consumer is not indifferent to work and leisure time, and
(2) time as well as money endowments constrain consumers
in their optimization processes.
Let U be a strictly quasi-concave utility function with
arguments:
X = vector of consumption goods
H = work time
L = leisure time
Also let:
T = total time available
w = wage rate
P = vector of consumption goods prices.
Both X and P are indexed by i = 1, . . . , n. The consumer
then maximizes utility by maximizing Equation 5.
G = U(X,H,L) + X(wH - P-X) + (T-H-L). (5)
The necessary conditions for G to be maximized are:
uxj = XPi for all i = 1 n. (6)
Uh = -Xw + n (7)
UL = At (8)
wH = P-X (9)
T =H + L. (10)
Substituting Equation 8 into Equation 7, dividing by X,
and rearranging the terms yields Equation 11.
UL/X = UH /X + w (11)
Since the term on the left side of Equation 11 is the
marginal rate of substitution of leisure time for money, that
term can be considered as the value of leisure time. Clearly,
it is less than the wage whenever Uh<0, i.e., whenever the
marginal utility of the last unit of work time is negative.
This condition will occur whenever the individual prefers to
reduce his or her work time. Note that the procedure does
not require the person to dislike his or her job for the wage
to exceed the value of the person's leisure time. The sug-
gested result will be obtained whenever the individual
would prefer to spend less time working and more time at
recreation. The procedure incorporates the observation that
institutional arrangements constrain consumers' choices of
what hours to work.
TRADEOFFS BETWEEN TIME AND MONEY
The previous discussion indicates that benefit estimates
which ignore time costs are biased and that the value of a
unit of leisure time is likely to be less than the wage rate.
However, to improve the travel-cost-based model as a way
of estimating recreation benefits, a precise range of values
must be derived for the travel time to recreational sites.
Obtaining reliable estimates for the value of time re-
quires observations of actual user behavior, i.e., determining
how individuals actually substitute time for money. This
type of approach has long been employed by transportation
economists [Harrison 1974, Watson 1974]
.
The goal of such an approach is to identify the appro-
priate tradeoff function, i.e., the amount that people are
willing to pay to save time on a journey. Three types of
tradeoff functions have been suggested for recreation
travel: linear, convex, and concave.
The simplest type of tradeoff between time and money
would be a linear one, as shown in Figure 2. We call the
negatively sloped lines "iso-trip curves," since the recrea-
tionist would be willing to trade time for money costs along
these curves and still make the same number of trips. In
terms of Figure 2, the recreationist would be willing to
spend 40 cents more than what the cost, would be otherwise
to reduce the travel time from 4 hours to 3 hours and still
make 6 trips. A linear tradeoff implies that the recreationist
would be willing to trade each unit of travel time for the
same amount of travel cost. Hence, accepting the linear
tradeoff is equivalent to assuming that time has a constant
dollar value per unit. This assumption seems to be reason-
TRAVEL TIME IN HOURS
Figure 2. A linear time-money tradeoff.
able for small ranges of variation in time and money costs.
Equation 4 presents a simple example using a linear
tradeoff in the travel-cost-based method.
As indicated previously, the constant value of time is
usually less than the wage. Empirical evidence agrees. For
widely divergent approaches and similar results, see Lee and
Dalvi [1969], Gronau [1970], Kraft and Kraft [1974],
and the survey presented by Cesario [1976] . Studies of the
benefits generated by saving a commuter's time have consis-
tently derived a value for time of 25 to 50 percent of the
average wage rate for the region or county.
The most widely used tradeoff for estimating recreation
benefits is the linear tradeoff. Smith and Kavanagh [1969]
,
for example, assumed an average travel speed of 40 miles
per hour and chose arbitrary figures for the value of time-
approximately 24, 48, and 66 cents per hour—to find the
sensitivity of estimated benefits to various time-cost
assumptions. The estimated benefits using the smallest
value were only 6.5 percent higher than those assuming a
zero time cost, leading Smith and Kavanagh to conclude
that "the time bias may not be as considerable as some
people may have feared." However, the benefits calculated
by using the largest value were more than 20 percent above
those when a zero time cost was assumed, indicating that a
substantial underestimation of benefits is possible if time is
ignored.
In effect, Smith and Kavanagh separated the effects of
money and time costs on recreation visits by assuming
average values for time, travel speed, and automobile cost
per mile. Their method of accounting for time is admittedly
"only a simple simulation exercise designed to show the
possible extent of the time bias" [Smith and Kavanagh
1969] and needs to incorporate better values for time.
There is, however, a good theoretical basis for using a
variable dollar value for time. Since time cannot be stored,
the value of a particular unit will depend on the feasible
uses that exist for time when it becomes available. Thus,
the value of time can be expected to vary throughout the
day and the consumer planning horizon (week, month, or
year). In addition, travelers could reasonably be expected
to trade time for money at different rates, depending on
the time and money costs already incurred. Cesario and
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Figure 3. A convex money-time tradeoff.
Knetsch [1970] suggested a tradeoff that would be convex
to the origin between time and money costs (as shown in
Figure 3), because such a tradeoff incorporates "the gener-
ally observed phenomenon of a diminishing marginal or in-
cremental effect of a small amount of time or money on
trip decisions as the size of the time or money expenditure
invested increases." That is, an individual who was already
spending a lot of time travelling to a recreation site prob-
ably would cut out fewer trips if 10 minutes were added to
the travel time than another individual who was spending
less time to begin with getting to the site. Cesario and
Knetsch [1970] infer from this assumption that as the rec-
reationist incurs more and more of a time cost, he or she is
willing to spend less and less money to save additional units
of time and still make the same number of trips. This
-5-
reasoning has been supported by De Vany's [1974] study
of air travel.
A trip-demand equation incorporating the assumption
that the appropriate time-money tradeoff relationship is
convex would be this form:
Vij = K - aCijbl Tijb2 (12)
where K and bj are constants and a is the regression
parameter to be estimated.
The assumption that the visit-deterring effect of addi-
tional expenditures of time and money diminishes as the
amount already invested increases is satisfied when 0<b}<l.
Brown and Hansen [1974] and Cesario [1976] found
that incorporating a convex tradeoff relationship of this
type yields higher benefit estimates than using a linear
tradeoff. Brown and Hansen [1974] concluded that true
benefits lie somewhere between these upper and lower
bounds. Cesario [1976] suggested that the benefit esti-
mates based on the convex tradeoff were too high.
Alternately, Haney [1967] suggested a tradeoff that is
concave to the origin. He argues that as more time is spent
travelling to a recreation site, less is available for other ac-
tivities including recreation. Thus, the marginal utility of
the remaining time increases as the travel time lengthens.
Presumably, recreationists coming from a great distance
would be willing to pay more to reduce their travel time by
1 hour than those spending less time in travelling, as dis-
cussed earlier. This would suggest a concave iso-trip curve,
as depicted in Figure 4. A trip-demand equation incorporat-
ing the assumption of a concave tradeoff would have this
form:
Vjj = K - 0Cijt>l - 7Tijb2 (13)
Where bj>l
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Figure 4. A concave money-time tradeoff.
More empirical evidence is necessary to settle the
debate. Certainly, such an important decision should not be
based on an a priori assumption with only one empirical
finding [DeVany 1974]. Nor can one be satisfied with
Knetsch's [1974] proposed method of incorporating both
types of tradeoffs into estimates of recreation benefits since
the needed selection of exponents is unappealingly arbi-
trary. Perhaps both types of tradeoffs would hold for dif-
ferent types of trips, travel modes, distances, and the like,
with the linear one providing a good approximation for
small changes. At present, no tradeoff seems to be more
acceptable than another.
THE BEST CURRENT METHODOLOGY
The estimation problem caused by a positive value for
travel time is that if travel time is not considered in the
travel-cost-based model, the visits per capita from each
origin will be underestimated in the construction of the
trip-demand curves. The result will be an underestimation
of visits and benefits. Consequently, methods of dealing
with this bias need to be developed.
The conceptual superiority of the travel-cost method
over other procedures for estimating recreation benefits is
that the travel-cost method is based on a revealed prefer-
ence, i.e., it uses observations of actual behavior to predict
future behavior. To preserve the revealed-preference spirit
of the travel-cost-based method, the techniques for dealing
with travel time would have to be based on observations of
actual behavior.
Studies of consumer decisions to allocate optimal pro-
portions of time and money to various modes of travel
provide us with an observed time-money tradeoff [Kraft
and Kraft 1975] . Until research is carried out in a specific
recreation travel context, however, the results of such
studies may be tentatively accepted as a value for time. The
studies usually indicate a value for travel time ranging from
25 to 50 percent of the average wage rate at the point of
origin, as mentioned before.
The most generally accepted form of a tradeoff is the
Linear one [Cesario 1976]. The justification for using that
tradeoff or a constant value for time studies of recreation
benefits is strengthened when we consider that most recrea-
tionists travel in a personal vehicle. Therefore, the range of
time-money tradeoffs available to them is relatively small
compared to, say, the choice of travelling from Chicago to
New York by automobile, train, or airplane.
Even though we may expect the actual time-money
tradeoff to be nonlinear, a priori, it may be approximated
quite well in a particular range by the linear assumption.
At present, therefore, the best approach in establishing
a value for time seems to be that of adopting a trip-demand
curve of the following form:
Vij = 0o-01 (Cy + XWTij) (14)
where: Vjj= per capita visits from origin
i to site j
/3j = the regression parameters to
be estimated
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Cji = the round-trip dollar cost
for travel from i to j
X = an arbitrarily chosen value
between 0.25 and 0.50
W = the average hourly wage
rate at a given point of
origin
Tjj = the round-trip time in hours
from i to j
The expression X W Ty should be considered the best
obtainable value for travel time.
What we are suggesting is an estimation of the observed
tradeoff that people make between time and money in their
travel decisions at a rate which may be expressed as arith-
metically related to the wage.
SUGGESTED RESEARCH
To our knowledge, no attempt has been made to
observe a time-money tradeoff in an exclusively recreation
travel context. Such an effort obviously needs to be made.
Different types of tradeoffs may be applicable to different
types of sites, or perhaps different linear tradeoff rates
should be applied to different types of sites. At present,
there is a severe lack of empirical information about the
value of travel time to recreation sites.
CONCLUSIONS
Travel-cost-based models that ignore the opportunity
cost or the value of travel time will underestimate the use
and value of recreation activities. Travel time is valuable
and does influence recreation behavior. One method of cor-
recting this problem is to develop a dollar value for time
and use that in the model in lieu of time itself. When site
use at a hypothetical user fee is being estimated, the travel
cost could be incremented, keeping constant the time cost
of reaching the site.
Linear, convex (to the origin), and concave time-money
tradeoffs have been proposed. The linear tradeoff is the
most generally accepted one, and is often based on a value
for travel time of 25 to 50 percent of the average wage at
the point of origin. We believe that additional research
needs to be undertaken to estimate from observed behavior
the actual tradeoffs individuals are willing to make between
time and money in their travel decisions. This approach is
consistent with the behavior foundations of the travel-cost-
based models.
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REVISED SITE-INDEX CURVES FOR PLANTATION-GROWN
SHORTLEAF PINE IN SOUTHERN ILLINOIS
A.R. Gilmore
Shortleaf pine (Pinus echinata Mill.) occurs naturally
only as a few trees in the extreme southwestern part of
Illinois. However, shortleaf pine has been planted exten-
sively throughout the southern third of the state.
Site-index curves were developed in 1961 on total
height and plantation age for 61 plantations in 20 of the
southern counties in Illinois. The average site index at age
25 was 38 feet.
Fifty-nine of these plantations were measured in 1978.
The average age for the plantations then was 40 years, and
the average height was 61 feet. New site-index curves were
developed by combining the measurements taken in 1961
and 1978.
The regression of the logarithm of height on the
reciprocal of age is expressed in terms of a site index as:
logarithm of site index = logarithm of height -10.5638
(1/40-1 /age).
The average site index of shortleaf pine at age 40 was
61 feet. The average site index of shortleaf pine in 1978
was about 1 1 percent less than that of loblolly pine growing
in southern Illinois, compared to 14 percent less in 1961.
Gilmore. A.R., and G.E. Metcalf. 1961. Site quality curves
for plantation-grown shortleaf pine in southern Illinois. 111.
Agr. Exp. Sta. Forestry Note No. 95.
Gilmore, A.R. 1979. Site quality curves for plantation-
grown loblolly pine in southern Illinois. 111. Agr. Exp. Sta.
Forestry Note No. 97.
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REVISED SITE-INDEX CURVES FOR PLANTATION-GROWN
LOBLOLLY PINE IN SOUTHERN ILLINOIS
A.R. Gilmore
Loblolly pine (Pinus taeda L.) has been planted as far
north as central Illinois, considerably north of the natural
range for the species. In the western part of its natural
range, loblolly pine extends northward only as far as the
central part of western Tennessee.
Site-index curves were developed in 1961 on total
height and plantation age for 53 plantations of loblolly
pines located in 25 counties in southern Illinois. The
average age of these plantations was 1 7 years. The average
height was 34 feet, the Average site index at age 25 was 44
feet.
Forty-seven of the plantations were measured in 1978.
New site-index curves were constructed by combining the
measurements taken in 1961 and 1978. The plantations
were an average of 36 years old in 1978, the height average
was 61 feet, and average site index at age 40 was 64 feet.
The equation derived from the regression of the logarithm
of total height on the reciprocal of age was: logarithm of
site index = logarithm of height -6.7742 (1/40 - 1/age).
-*Gilmore, A.R. and G.E. Metcalf. 1961. Site quality curves
for plantation-grown loblolly pine in southern Illinois. 111.
Agr. Exp. Sta. Forestry Note No. ^-. ?$ -Jl
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NUTRIENT STABILITY IN RAINFALL AND THROUGHFALL SAMPLES
D.L. Peterson, G.L. Rolfe, and F.A. Bazzaz
The collection of rainfall and throughfall is an im-
portant aspect of studies on the cycling of forest nutrients.
The methodology of sample collection varies widely with
respect to the size and shape of collectors [Helvey and
Patric 1965], number of collectors [Kimmins 1973, Peter-
son and Rolfe 1979], and collection schedules. In this
study, we examined collection schedules as they pertain to
nutrient analysis.
There is a great disparity in the time intervals between
sampling of rainfall and throughfall in nutrient cycling
studies. Samples are commonly collected weekly [e.g.,
Stottlemyer and Ralston 1968] or biweekly [e.g., Attiwill
1966]; however, Mitsch et al. [1977] sampled throughfall
only once every two months.
Clearly, a substantial lag exists between rainfall events
and the time chemical analyses are made. Significant
changes in elemental concentrations and ionic forms might
be expected during such intervals because of microbio-
logical activity or contamination. Particulate matter
generally can be eliminated with glass wool or paper filters,
but the input of microlitter and microorganisms is difficult
to eliminate. Some researchers have used chemical agents
such as mercuric chloride [Abee and Lavender 19 72,
Schlesinger 19 78] or chloroform [Carlisle et al. 1966] to
inhibit microbiological activity. Those toxins are frequently
undesirable to handle and may interfere with certain
chemical analyses.
Samples of throughfall and rainfall were left in the field
for various periods to determine the effects of field storage
on nutrient content. We have emphasized the most
important biological elements, or macronutrients, in our
analyses.
Collections of rainfall and throughfall were made from
April through September in 1978. Rainfall was collected in
an area of 4 square meters adjacent to the woods with a
clearance from the tree canopy of 45 degrees. Throughfall
was collected in an area of 4 square meters within the
woods. Precipitation was collected with polyethylene fun-
nels that drained into plastic freezer containers. The col-
lection area covered 189 square centimeters. The funnel
necks were fitted with glass wool to minimize contamina-
tion by particulate matter. At both sites, containers were
elevated 1.3 meters above the ground level to prevent
damage by animals.
Rainfall and throughfall were collected at specified
intervals for 14 days following an initial rainfall event. In
most cases there was additional precipitation during the
two-week period, but sampling dates were based on the
initial rainfall. Collections were made within 24 hours, 3
days, 6 days, 10 days, and 14 days after the initial rainfall
event. Four samples (replications) were taken on each
sampling date for rainfall and throughfall. The volume of
water in each collector was measured in a graduated
cylinder. A 150- milliliter aliquot was retained in a plastic
bottle for analysis. Samples were frozen within 30 minutes
after collection.
Chemical analysis was started immediately after samples
were thawed. Nitrate (NOj) was analyzed by a colorimetric
technique according to Bremner [1965]. Phosphate was
also analyzed colorimetrically using a single-solution
reagent of ammonium molybdate containing ascorbic acid
and antimony [Murphy and Riley 1962]. Cation analysis
(Ca2+
,
Mg2 +
,
K+
,
Na+ ) was done with atomic absorption
spectrophotometry [Ediger 1973]
METHODS
The study was conducted at the Trelease Woods,
approximately 5 kilometers east of Urbana, Illinois. This
woodland tract is a remnant of the Prairie Grove of
east-central Illinois and is dominated by oak and hickory
with a significant understory of sugar maple. The vegetation
has been extensively described by Pelz and Rolfe [1978].
RESULTS
Nutrient analysis was conducted for samples collected
during seven 14-day periods (Table 1). In order to
determine whether changes in the nutrient concentrations
occurred in the collection containers, evaluations were
made of intervals within each 14-day period during which
there was no additional precipitation. Doing this permitted
The study was supported by the Illinois Agricultural Experiment Station, Mclntire-Stennis Research Project 55-309. Sample
collection, Miriam Rorig; nutrient analysis, Dan Rice. The authors are Research Assistant, Associate Professor, and Professor,
respectively, Department of Forestry.
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Table 1. Rainfall and Throughfall Totals During 14-Day
Sampling Periods,! 9 78 a
Rainfall Collection
/
period dates Rainfall Throughfall
centimeters
1 April 17-30 4.01 ± 0.03 2.76 ±0.02
2 May 4-17 8.41 ± 0.11 7.34± 0.38
3 June 18-July 1 9.23± 0.14 8.5 7 ± 0.46
4 July 9-22 9.69 ± 0.08 9.46 ± 0.19
5 Aug. 2-15 6.36 ± 0.06 5.62 ± 0.48
6 Aug. 27-Sept. 9 4.39 ± 0.15 4.27 ± 0.17
7 Sept. 16-29 6.66 ± 0.23 5.70 ±0.38
lPrecipitation depth is in cm ± 1 standard error.
an analysis to be made that was not confused by inputs
from or dilutions caused by subsequent rainfalls. The
nutrient concentration in the samples was multiplied by the
volume of water collected to obtain the total quantity of an
element in the collection containers. Changes in the
absolute amounts of nutrients present in the containers
could then be interpreted.
The clearest and most consistent changes were found
for phosphate content. In nearly all cases, the difference
between the initial and final quantity of P04 over a
rain-free period was highly significant (Table 2). The
orthophosphate concentration decreases in rainfall samples
and generally increases in throughfall samples. This pattern
can be observed in Figure 1 in which P04 was analyzed
over a 14-day, dry period following a rainfall.
Significant fluctuations were also found for nitrate
(Table 3), although the results were more obscure and no
definite trends emerged. Significant differences were
observed in both rainfall and throughfall data, but the
quantity of NO3 increased in some cases and decreased in
others.
Analyses for calcium, magnesium, potassium, and
sodium ions in solution rarely yielded a significant
difference between the initial and final quantity of an
element in rainfall or throughfall samples. No definite
trends, even in nonsignificant differences, appeared.
Table 3. Mean Total Nitrate (/ig) in Rainfall and
Throughfall Collectors During Collection Peri-
ods Without Additional Raina
Days
without
Rain- addi-
fall tional Rainfall
period rain Initial Final
Throughfall
Initial Final
M NO]
2 3 391.0 478.8 180.7 125.5
4 682.6 595.0 234.6 210.4
3 7 367.5 202.8 (S) 373.4 592.2 (S)
4 2 279.2 294.8 821.0 717.6
4 800.6 728.6 1360.8 1534.0 (S)
5 10 136.8 60.0 (S) 270.7 159.0 (S)
6 14 35 7.9 361.8 135.7 144.9
7 14 98.2 204.4 (S) 1081.6 669.2
aDifferences between initial and final concentrations are
significant at the 99 percent confidence level where
indicated (S).
Table 2. Mean Total Orthophosphate (^g) in Rainfall and
Throughfall Collectors During Collection Periods
Without Additional Rain3
Days
without
Rainfall additional
period rain
3
4
5
6
7
Rainfall
Initial Final
Throughfall
Initial Final
A? PO,
3 31.3 19.9 184.7 331.3
4 51.7 24.1 692.8 961.0
7 28.9 2.5 243.8 407.5
2 5.6 2.0 31.4 47.6 (NS)
4 10.0 4.6 175.1 72.9 (NS)
10 9.1 6.0 31.6 48.8 (NS)
14 3.9 0.1 14.8 87.3
14 53.3 8.8 303.3 538.8
60
I 1 1 1 1
Rainfall Throughfall
3
N^ V
? 40
C
6
L.
—
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•5
CL 20
1 1 1 1 1
-600
400 ?
o
c
3-
-a
10 14
Days after rainfall
differences between initial and final concentrations are
significant at the 99 percent confidence level except where
indicated (NS).
Total orthophosphate (/jg) in rainfall and throughfall during
a 14-day dry period following a storm on September 15,
1978. (Fig. 1)
DISCUSSION REFERENCES
Ecosystem analyses such as studies of nutrient cycling
contain many sources of error. One is the schedule of
collecting samples for analysis.
We have determined that large changes occur in the
phosphate content of water left in the field. The P04
content of rainfall decreased significantly, presumably be-
cause orthophosphate was assimilated by microorganisms
and incorporated as organic phosphorus, but the P04
content of throughfall increased. The absolute ortho-
phosphate content of throughfall was greater than that of
rainfall. Perhaps the P04 concentration is high enough
that the microbial population is satiated. If so, the increase
could be the result of mineralization from organic inputs
under the canopy.
The transformation of phosphorus forms in water
collections has been acknowledged by Mitsch e t al. [197 7] .
They state that a total phosphorus analysis will produce an
accurate estimate of phosphorus inputs. However, inorganic
phosphate is the form available for uptake by plants, so it
should be given major consideration in a discussion of
nutrient cycling. Once incorporated into the organic matter
of the soil, phosphorus is less readily available for uptake
by plants than in other forms. Even if mineralization
occurs, the subsequent inorganic forms may be unavailable
to plants [Black 1968].
3-
Our study indicates that P04 losses of as much as 80
percent in rainfall and gains of nearly 100 percent in
throughfall may occur in the field over a two-week period
(Figure 1, Table 2). Hence, sampling promptly after rainfall
is likely to yield the most accurate measurements of
orthophosphate input.
Trends in nitrate variation within water samples are
difficult to determine. Significant fluctuations do occur
(Table 3), nevertheless, resulting in inaccurate analyses.
Processes such as the assimilation of NO3 by microbes,
denitrification, and mineralization may all have some role
in determining the form of nitrogen in the water samples.
Since NO3 is vital in discussions of plant uptake in nutrient
cycling studies, it is desirable to collect samples soon after
rainfall if the concentration of this form of nitrogen is to be
measured accurately.
Our measurements showed minor fluctuations in the
content of calcium, magnesium, potassium, and sodium
ions. Therefore, sampling time does not appear to be
critical in determining the concentration of these elements.
That view generally agrees with the findings in a similar
study by Weaver and Brown [ 19 78] .
The results of this study indicate that considerable
variations in nutrient content may occur in rainfall and
throughfall collected with conventional field techniques.
Phosphorus and nitrogen, two elements critical to the
biological function of plants, are particularly subject to
transformation. By collecting samples promptly after a
rainfall, errors in the analysis of specific forms of those
elements can be minimized.
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Nutrient cycling has been studied in numerous types of
forest communities (e.g., Likens et al., 19 77; Duvigneaud
and Denaeyer-de Smet, 1973). Although considerable work
has been done on bottomland cypress communities
(Schlesinger, 1978; Mitsch, Dorge, and Wiemhoff, 1977;
Carter et al., 1973), there have been few studies on bot-
tomland hardwood forests. One example is a recent investi-
gation by Brinson (1977) on decomposition and nutrient
exchange in a water tupelo swamp forest.
Litterfall, forest floor characteristics, and decomposi-
tion are vital aspects of the nutrient dynamics of forests. It
is important to determine not only the inputs from litter
but also the rate of subsequent decomposition^ and the
return of nutrients to the soil for potential uptake by
plants. Research that emphasizes these aspects of nutrient
dynamics should lead to a better understanding of bottom-
land communities and encourage suitable management prac-
tices. As part of an ongoing study of nutrient cycling in
bottomland forests, we have investigated the litter dynam-
ics of a bottomland forest in southern Illinois.
THE STUDY AREA
The study was conducted on Horseshoe Lake Island in
Alexander County, Illinois. The study site is an undis-
turbed, old-growth bottomland forest and is representative
of the original floodplain forest in the area. Sweetgum (Liq-
uidambar styraciflua L.) is the dominant species, com-
prising nearly 58 percent of the basal area in the plots
selected for study (Table 1). The major subdominant spe-
cies are American elm (Ulmus americana L.), red maple (A.
rubrum L.), and green ash (Fraxinus pennsylvanica Marsh.).
Understory and herbaceous vegetation is sparse. The vegeta-
tion of the bottomland has been described extensively by
Robertson, Weaver, and Cavanaugh (1978).
The study site is subject to extensive flooding, caused
primarily by accumulated runoff from adjacent land. Dur-
ing the period of this study, the bottomland had standing
water at depths of up to 1 m from early November to early
June.
The bottomland soils are of a single series, Okaw silt
loam, which is a Typic Albaqualf (Parks and Fehrenbacher,
D.L. Peterson, G.L. Rolfe, and F.A. Bazzaz 2 .....,,r^ 1TV, ^3
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1968). The A horizon is a thin (0 to 8 cm) silt loam layer,
and the B horizon is a thick (8 to 100 cm) silty clay layer.
METHODS
Six 0.04-ha plots were selected for the study, based on
the data of Robertson, Weaver, and Cavanaugh (1978). Six-
teen 1- x 1-m baskets with wooden sides and aluminum-
screen bottoms were situated within each plot for litter
collection. The baskets were elevated 1.5 m above the
ground on fence posts to prevent inundation by floodwater.
Litter was generally collected monthly but was collected
weekly during peak litterfall in October and November. Lit-
ter for January, February, and March was composited be-
cause the presence of snow prevented collection during this
period. Litter samples were separated into leaves, wood and
bark, and reproductive parts.
Forest floor litter was collected on 30 September 1978,
prior to the onset of substantial autumn litterfall. Ten sam-
ples were collected per plot with a circular 1/16 m2 quad-
rat. Only recognizable leaf litter (01 horizon) was sampled.
Decomposition rate was determined by measuring the
weight loss from a known amount of leaf litter. Samples of
72 g (ovendry weight) of fresh leaf litter were placed in
containers made of galvanized hardware cloth (7-mm mesh)
with an area of 1,650 cm2. Twelve of these containers were
placed in each plot on the old forest-floor litter. The experi-
ment was initiated on 1 December 1977, and one sample
was collected per plot on approximately a bimonthly basis.
Plant tissue samples were oven-dried at 80 C, weighed,
and ground to pass a 20-mesh screen prior to nutrient anal-
ysis. Decomposing leaves were gently rinsed with deionized
water to remove sediment prior to drying. Nitrogen was
measured using an aluminum block digestion method
(Gallaher, Weldon, and Futral, 1975; Gallaher, Weldon, and
Boswell, 1976) and semimicro-Kjeldahl technique (Bremner,
1965). Samples were ashed and dissolved in IN HNO3 for
other analyses. Phosphorus was measured using a single so-
lution procedure described by Murphy and Riley (1962),
and Ca, Mg, K, and Na were measured with atomic absorp-
tion spectrophotometry (Ediger, 1973).
*This research was supported by Illinois Agricultural Experiment Station Mclntire-Stennis Research Project 34-15-55-309. We
wish to express our thanks to George Weaver for his assistance in setting up the project and for allowing us access to his
vegetation data. We are grateful to Tim White for conducting sample collection, to Dan Rice for directing chemical analysis,
and to Tom Lee for reviewing the manuscript. ^Research Assistant, Associate Professor, and Professor, Department of
Forestry, University of Illinois. 3for the purpose of this paper, decomposition is defined as the breakdown or loss of
material until fallen litter disappears and its remnants are incorporated into the organic fraction of the soil (sensu Satchell,
1974).
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Table 1. Structural Characteristics of the Bottomland Forest on Horseshoe Lake Island, Based on Plots Used for This Study
Species
Acer negundo
A. rubrum
Diospyros
Virginian a
Fraxinus
pennsylvanica
Liquidambar
styraciflua
Nyssa sylvatica
Platanus
occidentalis
Quercus lyrata
Q. michauxii
Q. palustris
Ulmus americana
Vitis sp.
Total
Density
(stems ha"l)
6
62
12
37
156
21
6
4
12
4
51
6
377
Basal area
(m2 ha-1)
Relative
density
0.10 0.028
4.07 0.116
0.40 0.023
3.45 0.102
22.78 0.348
0.5 3 0.055
1.35 0.021
1.15 0.017
0.10 0.028
1.80 0.012
5.15 0.230
0.05 0.020
Relative
basal area
Importance
value
(IV 200)
0.032 3.2
0.051 20.7
0.011 3.4
0.078 17.8
0.5 78 92.0
0.013 6.8
0.028 4.7
0.023 4.0
0.003 3.1
0.064 7.5
0.118 34.6
0.001 2.2
40.93 1.000 1.000 200.0
RESULTS
In the first year of litterfall collection, total Utter input
was 6,448 kg ha"l, of which leaves, wood and bark, and
reproductive material comprised 58 percent, 22 percent,
and 20 percent respectively (Figure 1). The highest input of
leaves came in October and November, accounting for 86
percent of the total. Reproductive input was greatest in
March and April and consisted mainly of sweetgum fruits,
whereas woody litter was greatest in autumn.
Annual nutrient inputs from litterfall are listed in Table
2. Approximately 65 percent of the total nutrient input
came during the peak litterfall period of October and No-
vember. The absolute concentration of all elements varied
considerably among samples of all components during the
year, with leaves displaying the clearest patterns of nutrient
fluctuation. All elements except Ca declined in concentra-
tion prior to or during autumn leaf drop and increased
significantly in early spring; variation in Ca concentration
was the inverse of this pattern (Figure 2).
The forest floor contained a total Utter layer of 12,064
kg ha"l, which included the nutrient pools Usted in Table 3.
The activities of nutrient inputs and standing states (forest
floor litter) can be compared by calculating the turnover
time (Reiners and Reiners, 1970) for a particular element.
Turnover time is the mean standing state of an element
divided by the annual input, where mean standing state is
calculated for forest floor pools by averaging minimum
pool size (in September) with maximum size (minimum
pool size plus Utterfall). Turnover time for leaf Utter bio-
mass was 3.7 years (Table 3). Of the critical biological ele-
ments (Na not included), N was most strongly conserved,
with a turnover time of 5.4 years, while K was cycled most
rapidly. Table 3 also contains the fractional annual turnover
of elements, which is the reciprocal of turnover time ex-
pressed as a percentage.
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Figure 1. Seasonal pattern of litterfall (dry weight) in the
Horseshoe Lake bottomland forest.
In the decomposition experiment, approximately 29
percent of the original leaf litter was lost in 12 months,
with 21 percent being lost after the floodwaters subsided.
Patterns of loss and accumulation of nutrients in decompos-
ing leaves varied for the six elements studied (Figure 3). N
increased by approximately 50 percent during the year, and
P also tended to be conserved after an initial loss. The leaf
tissue content of K and Mg declined sharply, while the Ca
content stabUized at about 50 percent of its original level.
Na decreased initiaUy and fluctuated irregularly thereafter.
Table 2. Annual Dry Weight and Nutrient Inputs in
Litterfall (kg ha 1 )
Component Dry wt. N K Ca Mg Na
Leaves
Wood
Reproductive
parts
Total
3,763 37.1 4.1
1,410 11.4 1.2
16.8
4.3
46.2
18.5
8.0
2.1
2.7
0.7
1,275 15.0
6,448 63.5
1.4
6.7
4.1 7.3 1.5
25.2 72.0 11.6
0,4
3.8
_J L
Nov Jon Mar May
Time
July Sept
Figure 2. Seasonal pattern of element concentration as
percent dry weight in litterfall leaf tissue.
DISCUSSION
Annual litterfall for the Horseshoe Lake bottomland
forest (Figure 1 and Table 3) is greater than the values
reported for a Louisiana red maple—water tupelo forest
(Conner and Day, 1976) and an Okefenokee cypress stand
(Schlesinger, 1978). The most outstanding characteristic of
the litter at Horseshoe Lake is the contribution of repro-
ductive parts (20 percent of the total), which is much
higher than the reproductive component reported for most
other litterfall studies and represents a significant portion
of productivity in the forest. Since sweetgum produces
large quantities of fruits every third year (USDA, 1974),
the reproductive litter component, which is composed
mostly of sweetgum fruits, might be expected to decline in
subsequent years if the study included a period of mast
production.
The contribution of different elements to litter input
was in the order Ca>N»K>Mg>P>Na . The majority of
nutrient input occurred during leaf drop in the autumn.
Table 3. Summary of Leaf Litter Dynamics of the
Bottomland Forest on Horseshoe Lake Island
(Pool size refers to forest floor biomass)
Corn-
Annual
litter
input
Minimum
pool
size
Mean
pool
size
Turn-
over
time
Frac-
tional
annual
turnover
2iZ ponent (kg ha' 1 ) (kg ha" 1 ) (kg ha" 1 ) (year) (percent)
Dry
weight
N
P
K
Ca
Mg
Na
3,763
37.1
4.1
16.8
46.2
8.0
2.7
12,064
181.4
11.1
10.8
145.5
13.0
27.5
15,480
215.7
14.2
22.7
180.0
17.5
29.4
3.7
5.4
3.2
1.1
3.6
2.0
10.7
26.9
18.6
31.4
87.5
27.4
49.6
9.3
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Figure 3. Quantity of elements in decomposing leaves
expressed as percent of the original quantity.
Seasonal variation in the concentration of elements in Utter-
fall was comparable to that observed by Grizzard et al.
(1976) for an oak-hickory forest in Tennessee. N, P, and K
in leaves increased substantially in early spring and de-
creased prior to the period of peak leaf fall. Late summer
decline in these elements probably indicates that nutrients
are translocated to adjacent woody tissues of the trees prior
to leaf abscission. Foliar leaching by precipitation is
greatest in senescent leaves and may also play some role in
this decline (Day and Monk, 197 7). Ca concentration in-
creased throughout the growing season, however, and is
-4-
associated with incorporation into the cell walls of leaf tis-
sue (Ray, 1972). It is consequently less subject to leaching
and therefore increases relative to other more leachable ele-
ments. Mg concentrations decreased later in the fall than N,
P, and K, and although variation in Na resembles that of Ca,
no physiological explanations can be offered for this pat-
tern.
The dynamics of forest floor nutrients indicate that ele-
mental turnover rate from highest to lowest is
K>Mg>P>Ca>N>Na (Table 3). The tendency to conserve
N is expected because of its critical role in biological func-
tion. N is characteristically assimilated by bacteria and
fungi associated with leaf surfaces (Jensen, 1974). Turnover
rates for P and Ca were similar to the turnover rate of litter
dry weight, while Mg and K appeared to be released rapidly
as decomposition proceeded. The long residence time of Na
may be related to the high concentration of this element in
exudates from tree roots in the litter layer (Likens et ai,
1977).
For decomposing leaves, the order from largest accumu-
lation to most rapid loss was N»P»Ca>Na>K = Mg
(Figure 3). The rapid losses of K and Mg were probably due
to leaching. This phenomenon has been substantiated by
Brinson (1977), although we did not observe the large ini-
tial increases in Ca that he did. Ca was not leached as much
as K and Mg, probably because of its persistence as a struc-
tural component. Accumulation of N and P is a reflection
of immobilization by heterotrophic decomposer organisms.
The increase in N indicates a strong demand for this ele-
ment because N is assimilated from throughfall leachate and
floodwater and perhaps by N-fixation.
The potential for conserving nutrients in the forest
floor is an important characteristic of the Horseshoe Lake
bottomland forest. N, a biologically critical element, is a
major component of litterfall. Accumulation of this ele-
ment in the litter is a net gain for the ecosystem of nearly
50 percent beyond that of litterfall alone (Figure 3). Immo-
bilization of N and P suggests that the litter layer has the
capacity to act as a sink for certain elements. Decomposer
organisms can retain critical nutrients and prevent loss
during flooded periods.
It must be recognized that there is considerable tempo-
ral variation in the parameters we have examined. In addi-
tion, cycling patterns found in this study may not be appli-
cable to other bottomland forests such as floodplain com-
munities. Further investigation of litter dynamics and
decomposition will therefore be necessary to determine the
general patterns of nutrient exchange in bottomland forest
communities.
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TREE POLYGONS IN FOREST SAMPLING
Thomas A. Johnson and Dieter R. Pelz x
Single-tree sampling methods have proven useful in
growth experiments, studies on competition among trees,
and ecological studies. A number of methods of defining
the area associated with an individual tree have been
described in the literature. With most of those methods, the
area is determined from the distances between a particular
tree and its neighbors (Loetsch 1973, Prodan 1965). In this
study the tree polygon method developed by Brown (1965)
and two variations of it were tested, and their applicability
to forestry sampling was examined.
THREE POLYGON METHODS
The method described by Brown (1965), called APA
(area potentially available), defines the stand area of a tree
as a polygon. The polygon is determined by drawing the
closest normal lines through the midpoints of lines extend-
ing radially from the subject tree to neighboring trees
(Figure 1). It is then possible to calculate such stand charac-
teristics as number of trees per acre (or ha), using the
formula:
43,56077 10,00077 (1)
or
area in acres area in ha
and basal area, using the formula:
43,560 10,000 (2)
(4d )(area in acres)
or
(4d )(area in ha)
This method of computing APA will be referred to in this
report as the APAV2 method.
Two variations of the APA method were tested also, the
first of which will be referred to as the APAd method. With
this method a line is drawn between the subject tree and
one of its neighbors. Along that line a point is then located
whose distance from each of the trees is proportional to the
diameter of the trees. The boundary between the trees is
then drawn through that point. With the second variation,
called the APAd method, the boundary between the sub-
ject tree and its neighbor is determined in exactly the same
Figure 1. Stand area polygons as defined by three methods for
computing APA.
way as it is for the first method, except that the distance
between the trees is divided in proportion to the squares of
the diameter, that is, in proportion to the basal areas of the
trees. Figure 1 shows the alternative polygon definitions for
one subject tree.
DATA
Stem maps of forest stands were used to test the accu-
racy and statistical efficiency of the alternative polygon
methods. Baselines were set up in the stand to impose a
coordinate system. The diameter and coordinates for each
tree in the mapped area were recorded and stored on
punched cards or magnetic tape.
In this study stem maps from four stands were used.
Three of the stands, bur oak (Quercus macro carpa), silver
maple (Acer saccharinum), and tuliptree (Liriodendron
tulipifera), are in the University of Illinois Illini Plantation
at Urbana, Illinois. These stands were planted between
Thomas A. Johnson is Forester, USDA Forest Service, North Central Forest Experiment Station. Dieter R. Pelz was
formerly Assistant Professor of Forest Biometrics, Department of Forestry, University of Illinois at Urbana-Champaign. This
report is based in part on an M.S. thesis submitted to the University of Illinois by the senior author. This study was
supported in part by Mclntire-Stennis project 326.
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1951 and 1953, with the trees planted in a regular
8-by-8-foot (2.4-by-2.4-m) spacing pattern. Each stand is
approximately 1 acre (0.4 ha) in size. The tuliptree and
silver maple stands were thinned three years before the data
were collected. The fourth stem map of red pine (Pinus
resinosa) was taken from Sinnissippi Forest near Oregon,
Illinois. The stand is approximately 50 years old and has
been thinned repeatedly. It has a more irregular spatial dis-
tribution pattern than the stands at the plantation.
To test the accuracy of the APA methods, the basal
area of the population of each stand was calculated (Table
1).
Table 1. Population Parameters for the Test Stands
Stand Average
area diameter Total no. Basal area
Stand (m 2 ) (m) of trees (m 2 /ha)
1. Red pine 3,180
2. Tuliptree 3,97 7
3. Bur oak 3,895
4. Silver maple 3,813
0.3420 113 34.3914
0.1750 340 23.8330
0.1490 330 16.6748
0.1857 253 19.6453
PROGRAM DESCRIPTION
A computer program was written in FORTRAN IV to
simulate the APA methods. The program includes several
subroutines. The main program performs the input and
output functions and calls the appropriate subroutines.
When it is provided with sample coordinates, subroutine
CENTER designates as the subject tree that tree located
nearest to those coordinates. Subroutine DISTNC calculates
the distances from the subject tree to all other trees in the
stand, and SEQNT arranges these distances sequentially in
ascending order. Finally, subroutine RAND, which is a
random number generator, selects sample trees at random.
The APA subroutine calls the subroutines CENTER,
DISTNC, and SEQNT to select the sample tree and store
the ordered distances to the neighbors. A total of 24
neighboring trees (the six trees in each quadrant that are
closest to the sample tree) are selected to determine the size
of the APA polygon. The coordinates of the trees are used
to calculate the midpoints of the radial lines extending
from the subject to its 24 neighbors. The slopes and inter-
cepts of the lines that are normal to the radial lines and pass
through their midpoints are computed and stored. The
smallest possible APA polygon is formed from these normal
lines, All the points at which the normal lines intersect each
other and cross the stand boundaries are computed and
stored, and coordinates of intersections outside the polygon
are eliminated. Since the trees that are closest to the center
tree determine the APA area, the checking procedures start
with the closest neighbor. The coordinates of the center
tree are compared to the normal bisector that forms a
A program
of Forestry
listing may be obtained from the Department
boundary between the two trees. If the coordinates of the
center tree lie in a "less than" relation to the normal inter-
section, all intersection coordinates that are "greater than"
the line are set to zero. If the center tree lies in a "greater
than" relation to the normal intersection, coordinates "less
than" the line are set to zero. The process is repeated for
the next closest neighbor and so on for all 24 of the neigh-
boring trees so that in the end only those bisector inter-
sections that form the corner points of the smallest possible
APA polygon remain.
The remaining intersections are ordered clockwise
around the center tree by comparing the cosines of the
angles formed by radial lines to the intersection points and
either the ordinate or abscissa of a coordinate system in
which the center tree lies at the origin. Once this ordering is
complete, the area of the polygon can be found by the
coordinate method or by triangulation (Hush et al. 1972).
The NTH subroutine estimates basal areas for APA,
APAd, and APAd : that is, it calculates three estimations of
basal area for each subject tree. A flow chart is shown in
Figure 2.
CALCULATION OF STATISTICS
According to the APA methods the area associated with
a tree is determined from the distances between trees; there
is no fixed size for sample plots. The probability that any
one tree will be chosen is proportional to the size of that
particular sample area. Therefore, means and variances are
calculated after the individual estimates are weighted
according to the size of their sample areas:
Sample mean =
S( Basal areaj) (sample areaj)
2(all sample areas)
(3)
All comparisons are based on the weighted means and vari-
ances to eliminate any bias from the estimates of popu-
lation characteristics.
RESULTS
With all three APA methods there was large variation
between samples. In all the stands the largest variance oc-
curred with the initial definition APAV2. When the APAd
and APAd methods were used, variance dropped sharply,
but there was apparently no trend between the two
methods. For the tuliptree and silver maple plantations,
variance was lowest when APAd was used, whereas in the
red pine stand and bur oak plantation it was lowest with
APAd 2 . In all these stands, larger differences in estimates of
variance were observed with the APAV2 method than with
either of the two proportional methods. Figure 3 shows the
coefficients of variation for the alternative tree polygon
definitions. With all three methods higher variances oc-
curred in the irregularly spaced red pine stand than in any
of the plantation stands.
High variation between individual estimates may seem
to make the APA method unsuitable for sampling large
( START )
DIMENSION ANO
INITIALIZE ARRAYS
c READ DATA>
READ RANDOM
POINT X,Y
CALL CENTER
FIND TREE CLOSEST
TO RANDOM POINT
COMPUTES ANO ORDERS
DISTANCES PROM SUBJECT
TREE TO NEIGHBORS
CALCULATE FOR 1st E
DISTANCES:
I) ORCULAR AREA, (D<ST (I) = RADIUS)
II) BASAL AREA / HECTARE
4(D(ST(i))*
iH) NUMBER OF TREES
NO. * IOOOO( i + .05)/ AREA(i)
WRITE SUBJECT TREES DIAMETER,
DISTANCE NUMBER, OlSTANCE, BA / HA
AND DIAMETER OF ift, NEX>B0R
YES
areas since to get reliable results a large portion of the
population has to be sampled. In spite of this possible limi-
tation, though, the APAV2 method did provide unbiased
estimates of basal area for all stands (Table 2). The esti-
mates determined according to the other two methods were
not quite as accurate. APAd estimates showed a small
positive bias for all stands, and APAd2 showed an even
larger bias.
There is, however, a good explanation for the inaccu-
racy. Although Brown (1965) and other authors assumed
that the polygons fit together without leaving gaps, that is
true only for the APA'/2 method. As shown in Figure 4,
neither the polygons determined according to APAd nor
those determined according to APAd2 cover the stand area
completely, a fact which can be proven by summing all the
polygon areas in the stands. The sums of the APAd and
APAd polygon areas do not equal the total stand areas
(the discrepancy is greater for APAd2 ). Figure 4 confirms
that there are gaps between the polygons constructed pro-
portional to the trees' diameters.
Because of those gaps some stand area is effectively
removed from the calculations, and as a consequence the
estimates are biased upward. Thus, even though the pro-
portional APA method reduces the variation between
sample estimates, it has an inherent source of bias.
SUMMARY AND CONCLUSIONS
Of the methods tested in this study only one, the
APA'/2 method, was shown to provide unbiased estimates of
basal area. With all the methods, however, there was high
variance among estimates, a fact that may limit the
methods' usefulness for forest inventories. Nevertheless, the
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Figure 2. Flowchart for subroutine NTH.
Figure 3. Coefficients of variation for the alternative
polygon definitions.
Table 2. Basal Area per Hectare for the Alternative Tree
Polygon Definitions
Coefficient of
Mean Variance variance
Stand Method (m 2 /ha) (m 2 /ha) 2 (percent)
1. Red pine APA'/2 34.39 373.74 56.21
APAd 34.61 295.91 49.70
APAd 2 35.25 286.86 48.05
2. Tuliptree APA»/2 23.83 242.38 65.33
APAd 24.38 103.07 41.64
APAd2 25.65 105.85 40.11
3. Bur oak APAV2 16.67 155.07 74.70
APAd 17.09 72.42 49.79
APAd 2 18.27 65.42 44.27
4. Silver APAVb 19.64 208.31 73.48
maple APAd 20.19 108.31 51.55
APAd 2 21.37 113.47 49.85
\
Figure 4. Gaps between APAd polygons.
APAV2 method does have a special advantage in that it pro-
vides a measure of the space available to the individual tree,
not just an average measure of the stand density. For that
reason the method can be used for experiments and studies
on individual trees. For example, the growth of individual
trees could be correlated with the growing space or polygon
area (Pelz 1977). Or in studies that involve thinning or
fertilizing individual trees, polygons rather than the entire
stand could be defined as experimental units, thus in-
creasing considerably the number of experimental units and
the degrees of freedom for statistical evaluation. In any of
these studies the APAV2 method would provide an unbiased
estimate of the population response on a per acre or per
hectare basis.
To make the tree polygon methods more suitable for
forest inventories, the high variation among estimates could
be reduced by redefining the polygon area. If tree polygons
were determined for a cluster of trees, the variance could be
expected to decrease, yet the method would still result in a
measure of point density. Further research is necessary to
determine how much a redefinition of the polygon area
would reduce variance and to define the optimal cluster
size.
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CHANGES IN A REFORESTED SOIL ASSOCIATED WITH TREE SPE I
EFFECTS OF LIMING ON PINES DURING THE FIRST TWENTY
A.R. Gilmore 2
In 1955 loblolly pine (Pinus taeda L.), shortleaf pine (P.
echinata Mill.), white pine (P. strobus L.), and red pine (P.
resinosa Ait.) were planted at the Elizabethtown Soil Ex-
periment Field in southern Illinois. Established in 1915,
this field is a testing ground for various soil and fertilizer
practices. Between 1915 and 1955 some of the plots had
received a total of 14 tons of limestone per acre, while the
rest had received no line. Other management practices be-
fore 1961 are discussed in a paper by Gilmore and Boggess
(1963).
This report looks at differences in tree survival and
growth between the limed and the nonlimed plots. Also
reported here are the survival rates of the four species up to
1978, their growth at ages 7, 13, and 23 years, and the
probable causes of reduced survival and growth on the
limed plots.
SOIL FINDINGS
As a result of limestone applications, soil pH in 1955
was 6.09 on the limed plots versus 4.81 on the nonlimed
plots. Over time, this difference has been decreasing. By
1978 the pH was 5.57 for the limed plots and 4.91 for the
nonlimed, or a difference of only about two-thirds of a pH
unit.
TREE SURVIVAL
Pine mortality rates were highest during the first year
after field planting. Trees continued to die during the next
six years, but at a lower rate (Gilmore and Boggess, 1963).
No trees have died since the seventh year. Survival has aver-
aged 71 percent on the nonlimed plots and 18 percent on
the limed for all species (Table 1).
The survival rates were lower for the white and the red
northern pines than for the loblolly and the shortleaf
southern pines. But interestingly, the greatest differences in
survival were between the southern pines grown on the
limed and the nonlimed plots. The differences were not
statistically significant, however.
Without question, competition was responsible for
some of the early pine mortality. (Competition occurs
when a plant removes or reduces one or more growth
factors from the environment of another plant sharing the
same habitat.) The first year after the seedlings were field
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planted, ragweed (Ambrosio sp.) and giant foxtail (Setaria
faberii Herrm.) overtopped a large percentage of the
seedlings in the limed plots. As a result, competition for
light and moisture was severe.
But other factors such as phytotoxins may also have
influenced survival. For example, leachates of giant foxtail
are allelopathic and will inhibit seed germination and
growth of loblolly pine seedlings (Gilmore, 1980). (An
allelopathic effect is any harmful effect, whether direct or
indirect, that one plant produces on another by releasing
chemical compounds into the environment.)
TREE GROWTH
At 23 years the dominant loblolly pines on the non-
limed plots averaged 60 feet, shortleaf pines 56 feet, white
pines 54 feet, and red pines 35 feet (Table 2). Throughout
the rest of Illinois these four species are considerably
shorter at the same age, with the average for loblolly being
41 feet, shortleaf pine 36 feet (Gilmore and Metcalf, 1961a,
1961b), white pine 37 feet, and red pine 32 feet (Gilmore
1967, 1968).
Soil type in the Elizabethtown area and greater precipi-
tation there than elsewhere in the state probably accounted
for the better tree growth. The soil is a Wartrace silt loam
(Typic Hapludalf), a well drained soil that developed in the
loess deposited over limestone bedrock. This soil does not
have a restrictive layer such as the fragipan or claypan
layers commonly found where pines have been planted in
other parts of Illinois. Average yearly rainfall ranges from
less than 34 inches in the northern part of Illinois to 46
inches in the Elizabethtown area.
At the end of each period the total height of all four
pine species was less on the limed than on the nonlimed
plots. These results confirm earlier findings about the ef-
fects of liming on tree growth in southern Illinois (Gilmore,
1972, 1974, 1975, 1978). Reduced tree growth on the
limed plots might have been caused by one or a combina-
tion of factors: (1) severe competition from weeds for light,
nutrients, and moisture; (2) smaller quantities or a poorer
balance of nutrients as a result of liming; and (3) phyto-
toxins produced by weeds.
Shading was undoubtedly a factor. The first year soon
after the seedlings were planted, a dense stand of ragweed
and giant foxtail occupied the limed plots. But most of the
Part of this research was supported by funds from the Illinois Agricultural Experiment Station, Hatch Project 55-383.
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seedlings that survived were tall enough the second year to
overtop these weeds. By the third year all seedlings, with
the possible exception of white pine, were above the weeds.
Once loblolly and shortleaf overtopped the weeds, they
tended to partly shade out the understory of vegetation by
the fifth year. In fact, at the end of the seventh growing
season all species averaged more than 5 feet in height, with
loblolly averaging almost 16 feet (Table 2).
All soil nutrients necessary for good tree growth were
apparently adequate in lime-treated plots, although potassi-
um may have been an exception. From a similar experi-
ment, Gilmore (1972) concluded that potassium is more
than likely to be the nutrient in limited supply for good
shortleaf pine growth on limed soils.
In this study, differences in soil moisture between the
limed and the nonlimed plots were not investigated. How-
ever, observations indicated that other vegetation in the
limed plots was not dense enough so that competition for
moisture limited tree growth.
Weeds in the limed plots possibly gave off phytotoxins,
resulting in reduced height. These toxic substances can act
directly on a tree by inhibiting nutrient uptake or indirectly
on the mycorrhizae associated with the tree's roots. The
literature contains many examples indicating that phyto-
toxins affect tree growth by interfering with nutrient up-
take. Gilmore (1980) has shown that giant foxtail grasses
interfere with the ability of loblolly seedlings to take up
phosphorus, potassium, and magnesium. Walters and
Gilmore (1976) have demonstrated that fescue grass impairs
the ability of sweetgum seedlings to absorb phosphorus and
nitrogen. Fisher ft al. (1978) have reported that water-
soluble compounds of aster inhibit nutrient uptake and
growth of sugar maple.
It is well established that most trees grow best when
mycorrhizae are abundantly associated with their roots.
Anything that reduces the number of these symbiotic
organisms can be detrimental to tree growth. The number
of mycorrhizae on tree roots in limed and nonlimed plots
was not investigated in this study, although Theodorus and
Bowen (1971) found in a study of Monterey pine that pro-
ducts from the decomposition of grass roots reduced the
numbers of an ectotrophic mycorrhizal fungus in the soil
and also reduced the frequency of mychorrhizal infections
of pine roots. We can reasonably assume that a similar situ-
ation existed in the limed plots at Elizabethtown.
This study shows that pine growth was retarded when
the soil was limed, but does not show the exact causes of
the reduction. A number of factors could be working alone
or collectively. Competition by weeds and phytotoxins
from weeds on the limed plots certainly must have played a
significant role.
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Table 1. Pine Survival on Limed and Non-
limed Plots in 1978 Table 2. Average Heights of Dominant Trees on Limed and Nonlimed Plots
Species Nonlimed Eimed Difference a 1961 1968 1978
83
percfn
20
f
63a
Species Limed Nonlimed Limed Nonlimed Limed Nonlimed
Loblolly
/< ,et
a
Shortleaf 81 26 55a
Loblolly 15.5 18.1 35.4 39.3 52.2 60.0
White b4 19 45b
Shortleaf 9.4 12.8 29.2 34.3 48.0 56.2
Red bb 7 49b
White 5.4 7.3 24.8 31.4 46.5 53.6
Average 71 18 5 3 Red 6.2 6.8 19.9 22.8 29.4 34.5
aAny two means in th e column not fo llowed by aHeights are significantly different at the 0.01 level bet ween limed and nonlimed
the same letter are s ignificantly diffe rent from plots for each period by species, e>.cept for red pine in 1961 and 1978 which is at
each other at tht 95% con tic ence evel. the 0.02 level.
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VARIATION IN SOIL ORGANIC MATTER IN SHORTLEAF PINE
AND LOBLOLLY PINE PLANTATIONS AT DIFFERENT TREE SPACINGS
A.R. Gilmore and G.L. Rolfe
The concentration of organic matter in the soil is prob-
ably the single most important indicator of soil quality
[Wilde, 1964]. Organic matter affects both the chemical
and physical properties of the soil and acts as a storage pool
in the nutrient cycling process, retaining both inorganic-
ions and organic compounds that are released as organic
matter is degraded [Stevenson, 1963]. Organic acids,
by-products of the breakdown process, add to the nutrient
pool by facilitating the dissolution of rock and soil material
[Sabey, 1961; Stevenson, 1963]. The presence of this pool
allows nutrients produced by a pioneer species to circulate
from lower horizons to the surface and to nourish succeed-
ing species [Gilmore and Boggess, 1976]. Organic matter is
an important source of phosphorus and sulfur and the
greatest contributor of nitrogen to the soil [Stevenson,
1963; Auten, 1941]. In addition, by aggregating soil parti-
cles and by increasing soil porosity, organic matter increases
the soil's resistance to erosion [Stevenson, 1963]
.
During the 1930s the federal government purchased
large areas of eroded agricultural land in southern Illinois
with the goal of reclaiming the soil and controlling erosion
through reforestation. The primary species planted were
shortleaf pine (Pinus echinata Mill.) and loblolly pine (P.
taeda L.). The region planted is at the northern limit of the
range for shortleaf pine, which occurs naturally in south-
western Illinois on west-facing Mississippi River bluffs; the
area is about 150 miles north of the natural range for
loblolly pine. Both species were chosen because they are
more tolerant than most native hardwoods to the severe
environmental conditions found on these degraded sites.
When evaluating the soil organic-matter content of a
reforested site, it is important to understand the relation-
ship of tree species and tree density to soil characteristics
and soil organic-matter content. This paper evaluates soil
organic-matter concentrations under stands of shortleaf
pine and loblolly pine at four different spacing intervals.
SITE AND STAND DESCRIPTION
The experimental area is located on the Dixon Springs
Agricultural Center in southern Illinois. The climate of the
area is characterized by mild winters, hot summers, and
frequent short summer droughts. Annual precipitation aver-
ages 40 to 46 inches [Page, 1949]. Pines were planted in
1949, approximately 10 years after cultivation of the area
was discontinued. At that time there was a well-established
ground cover of broomsedge (Andropogon spp.) where
erosion was slight to moderate and a preponderance of
tickle grass (Aristida dichotoma Michx. and Danthonia
spicata (L.) Beauv.) where erosion was severe. Boggess and
Gilmore [1963] observed no differences in growth (basal
area, diameter, or total height) of the species between repli-
cations (block effects) during the first 13 growing seasons.
From these observations they concluded that the site was
relatively uniform and of medium quality for tree growth.
Soil samples were not taken before planting, it being as-
sumed that the soil organic-matter content was relatively
uniform in the upper 6 inches of soil because the area had
been treated uniformly before cultivation was discontinued.
The soil of the study area is a Grantsburg silt loam
(Typic Fragiudalf), a light-colored soil developed under
forest vegetation on slopes ranging from 2 to 4 percent. The
parent material is loess over residuum or sandstone. The Ai
and part of the A<> horizons were not evident because of
past plowing; in their place was the A_, which measured
about 6 inches thick. A highly developed fragipan located
approximately 30 inches below the surface retards down-
ward movement of water and plant roots. The soil is reason-
ably well supplied with available potassium but is low in
phosphorus and nitrogen.
The area was planted with 1-0 loblolly and shortleaf
pines grown from seed at the Union State Tree Nursery,
Jonesboro, Illinois. The loblolly seeds were obtained from
Maryland or northern Alabama; origin of the shortleaf seeds
in unknown. Spacings of 4 by 4, 6 by 6, 8 by 8, and 10 by
10 feet were established in half-acre plots. Treatments were
replicated four times for loblolly pine and three times for
shortleaf pine, with the exception of two replications for
shortleaf pine planted at 4-by-4-foot spacings. This arrange-
ment resulted in 27 study plots.
METHODS
A 0.1 -acre sampling plot was established in the center
of each of the 27 spacing plots. This arrangement provided
a buffer zone between sampling plots of different spacings
as well as a conveniently sized area in which to make stand
measurements and take soil samples.
At the end of the 25th growing season, survival counts
were made and total height and diameter at breast height
(dbh) were measured. Stand volumes reported by Arnold
[1978] are summarized in Table 1.
This study was supported in part by funds from the Illinois Agricultural Experiment Station, Hatch Project 55-383. The
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Table 1. Average Diameter at Breast Height (dbh), Total Height, Basal Area, and Total Volume of Loblolly and Shortleaf
Pine at End of 25th Growing Season
Basal area
*
Volume
Tree Spacing dbh* Height* (square feet (cubic feet
species (feet) (inches) (feet) per acre) per acre)
Loblolly pine 4 by 4 5.4 50 148 3217
6 by 6 6.8 56 183 4370
8 by 8 7.9 59 196 4889
10 by 10 8.8 59 161 4111
Shortleaf pine 4 by 4 4.6 42 174 3408
6 by 6 5.7 47 187 3803
8 by 8 7.1 51 161 3477
lOby 10 8.2 51 144 3190
Data from Arnold [1978].
'File data, Department of Forestry, University of Illinois.
During the 25th growing season, fifteen soil sampling
points were located along the perimeter and diagonals of
each plot (Figure 1). Before a sample was taken, the litter
was removed from each point and care was taken to sample
only the mineral soil. Two samples were taken at each
point, one at the 0-to-3-inch depth and the other at the
3-to-6-inch depth. Each soil sample was a composite of five
subsamples. Soil organic-matter concentration was deter-
mined by the wet oxidation method described by Walkley
[1947].
Statistics on the relationship between soil organic-
matter content and various combinations of spacing, soil
depth, and tree species were provided by Duncan's Multiple-
Range Test, Student's t-test, and regression analysis [Steel
and Torrie, 1960]
.
RESULTS AND DISCUSSION
Soil organic-matter content showed no significant corre-
lation with biomass production of the stands, as measured
by total height, dbh, and basal area, or volume of the stand
at the end of the 25th growing season. The probable ex-
planation for these results is that current soil organic-matter
determinations do not accurately measure the contribution
of annual biomass production that a stand makes to soil
organic matter during its lifetime. For example, the close-
spacing (4 by 4 feet) of loblolly pine had the greatest
volume of any spacing at age 13 but the least volume at age
25. Similar variations were found on shortleaf plots: the
4-by-4-foot spacing produced the greatest volume at age 13
and the next to least volume at age 25 [Gilmore and
Gregory, 1974; Arnold, 1978] . If volume of the stands had
been determined annually, one might have expected to find
a correlation between volume and soil organic-matter con-
centration each year.
Significantly more organic matter (0. = 0.01) was found
in the 0-to-3-inch soil layer than in the 3-to-6-inch soil layer
under both tree species (Table 2). The upper soil layer
averaged 1.76 percent and the lower layer 1.05 percent
organic matter in the loblolly pine plantation; the
organic-matter concentration in the shortleaf plantation
averaged 2.03 and 1.17 percent for the upper and lower
depths, respectively. These results are consistent with
reports in the literature.
i
= 15 random
subsamples at each site
= 5 sample sites
Figure 1. Diagram of spacing plot (0.5 acre), sampling plot (0.1
acre), 15 soil sampling sites on sampling ploi and 5 samp-
ling sites on subplot.
The concentration of soil organic matter in the short-
leaf pine plantation was significantly higher (OL = 0.05) than
in the loblolly plantation, except in the 8-by-8-foot spac-
ings, where there was no difference at either depth (Table
2). However, the quantity of litter found under each species
should indicate opposite results. In these same plantations,
Rolfe et al. [1976] found that litter weights averaged 16.5
and 15 tons per acre for 20-year-old loblolly and shortleaf
pines, respectively, in the 8-by-8-foot spacings. McClurkin
[1970] reported similar litter production for these species
at age 16 in northern Mississippi, with greater soil organic-
matter concentrations in shortleaf pine plantations. Even at
age 4, loblolly pine produces more litter than shortleaf pine
[Thames, 1962]. Gilmore and Boggess [1976] found no
significant difference in soil organic-matter content under
shortleaf and loblolly pine plantations in southern Illinois,
but they did detect a trend toward higher soil organic-
matter content in the shortleaf plantation. Their reasoning
was that short needles tend to pack more closely than
longer ones, thus forming rather compact 01 and 02 ho-
rizons that could lead to higher organic -matter content in
the surface horizons. Furthermore, we visually observed in
the current study that more light reaches the forest floor
under shortleaf pine than under the longer needled loblolly
pine. The greater amount of light could result in a more
favorable environment (warmer and moister) for activity of
microorganisms and incorporation of organic matter into
the soil.
The C/N ratio of the litter can be discounted as a factor
in explaining the greater amounts of soil organic matter
under shortleaf pine. This ratio was not determined in our
study. However, in an adjacent plantation, Rolfe et al.
[1976] did not find any difference in the concentration of
N in the litter between the two species at age 20. In addi-
tion, Coile [1937] found in the Piedmont of North
Carolina that the C/N ratios of the litter were about the
same between the two species in stands from 30 to 40 years
old: 52.9 versus 58.6 for shortleaf and loblolly pine, respec-
tively.
If the amount of soil organic matter is to be equated
with root production, there should be more soil organic
matter under loblolly pine, which seems to have a more
profuse root system. Copeland [1952] reported young
loblolly pine (age 17) growing in the Piedmont to have
more roots than young shortleaf pine (age 15) growing on
similar sites in the area. Korstian and Coile [1938] found
118 roots per square foot in the 0-to-l-inch soil layer of a
dug trench and 68 roots per square foot in the l-to-5-inch
layer of a 31-year-old loblolly pine stand in the Piedmont.
They reported 88 roots per square foot in the 0-to-l. 7-inch
soil layer and 21 roots per square foot in the 1.7-to-7.5-inch
soil layer of a 42-year-old shortleaf stand in the area. But
the present study found more soil organic matter under
shortleaf stands than under loblolly stands. The evidence of
this and other reports suggests that the buildup of soil or-
ganic matter in the plantation under consideration is more
closely related to needle composition than to root produc-
tion.
Tree spacing had a minimal effect on soil organic-matter
concentration. There was less soil organic matter at both
depths in loblolly pine plots with 10-by- 10-foot spacings
than in those with other spacings (Table 2). Hie lowest
concentrations of soil organic matter in the shortleaf plan-
tations were found in the plots with 8-by-8-foot spacings. A
likely explanation for these results is the amount of dry
matter produced after the canopy closes. Before closing,
Table 2. Variation in Average Soil Organic- Matter Con-
centration with Soil Depth, Spacing, and Tree
Species
Spacing
(feet)
Percentage of soil organic matter
Tree
species
0-to-3-inch
soil layer
3-to-6-inch
soil layer
Loblolly
pine
Shortleaf
pine
4 by 4
6 by 6
8 by 8
10 by 10
4 by 4
6 by 6
8 by 8
10 by 10
1.79 abt
1.78 ab
1.82 a
1.65 b
2.17 a
2.06 a
1.8 7 b
2.03 ab
1.09 a
1.05 a
1.10a
0.96 b
1.19a
1.18 a
1.08 b
1.22 a
Values are significantly different (0£= 0.05) between species
for each spacing by depth, except for the 8-by-8-foot
spacing.
'Values in a species column followed by the same letter are
not significantly different (01= 0.05).
production of dry matter varies according to the number of
stems on a given area. After closing, production shows little
variation, especially if the site and age are the same between
spacings. The lack of variation would suggest that differ-
ences in soil organic -matter content under loblolly pine at
the widest spacing are due to the canopy having recently
closed on these plots. These conclusions agree with Wilde
[1964], who found that the greatest increase in soil
organic-matter content begins with the closing of the
canopy. Similar reasoning might be offered for the shortleaf
plots except that the canopy has recently closed in the
plots with 8-by-8-foot spacings The largest amount of soil
organic matter was found in the shortleaf plots with the
wider 10-by- 10-foot spacing. The probable explanation is
that, although these plots have not closed, hardwood brush
has invaded and has made a sizeable contribution to the soil
organic-matter pool.
Even though present levels of soil organic matter are
relatively low, it is questionable whether they will increase
as the plantation becomes older. In pine plantations with
similar kinds of soil in the immediate vicinity of the present
study, Gilmore and Boggess [1976] found that organic-
matter concentrations in the 0-to-6-inch soil layer averaged
2.0 percent in 18-year-old shortleaf and loblolly pine plan-
tations, and Rolfe and Boggess [1973] reported that the
organic-matter concentration in this layer under 30-to-35-
year-old shortleaf pine plantations averaged 2.2 percent. Al-
though these levels might be characteristic of the pure pine
stage, it is reasonable to assume that soil organic -matter
levels will increase if hardwoods become more pronounced
in the understory of these stands.
CONCLUSIONS
Numerous studies [Rolfe et al, 1976; McClurkin, 1970;
Thames, 1962] have shown that loblolly pine will produce
more biomass at most ages than shortleaf pine and that
loblolly pine is the preferred species when planting for ero-
sion control. This study suggests that soil organic-matter
concentrations are not related to biomass production at age
25 but rather to individual species' characteristics, such as
-4-
size and shape of needles. If the objective is to increase the
concentrations of soil organic matter, the preferred tree
species would then be shortleaf pine. But the difference in
amounts of soil organic matter accumulated under each
species in the top 6 inches of soil is small (about 0.2 per-
cent or 2 t/acre), and the larger quantities of litter de-
posited on the soil surface by loblolly pine might be more
beneficial for productivity and erosion control than the ad-
ditional organic matter in the soil found under shortleaf
pine.
This study demonstrated that no single initial seedling
spacing was superior to another in maximizing the soil
organic-matter content at age 25. Apparently the critical
factor in soil organic-matter buildup is that the trees use all
of the above-ground space, that is, that the crown has
closed before the desired age. Therefore, as long as ade-
quate time for crown closure is allowed, conventional spac-
ings between 4 by 4 and 10 by 10 feet may be used to
maximize soil organic-matter concentration.
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CHANGES IN A REFORESTED SOIL ASSOCIATED WITH TREE SPECIES AND TIME.
IV. SOIL ORGANIC CONTENT AND pH IN PINE PLANTATIONS AFTER 24 YEARS
A. R. Gilmore
During the past 50 years, many acres of land in Illinois
have been taken out of cultivation and reforested. Most of
this land was of marginal quality for farming and will even-
tually support stands of native hardwoods. To prepare the
soil for hardwood growth, pine plantations have been estab-
lished on many of these sites. Over a period of time, these
plantations have improved the quality of the soil to a level
more suitable for supporting hardwoods.
Soil improvement in a reforested area can be measured
by soil organic-matter content and soil pH [Wilde, 1964].
The organic-matter concentration indicates the fertility of a
reforested soil, and the pH level is a good indicator of the
availability of most soil nutrients. These two factors have
been measured periodically during the past 24 years in an
agricultural experimental field in southern Illinois that has
been reforested with four pine species.
When the experimental field was established in 1915,
the area was divided into plots to evaluate the effects of
various combinations of fertilizers and soil management
techniques on the growth and yield of farm crops. Agro-
nomic experimentation was discontinued in 1955, at which
time shortleaf pine (Pinus echinata Mill.), loblolly pine
(V.taeda L.), red pine (P. resinosa Ait.), and white pine (P.
strobus L.) were planted. A complete description of the
area and data on soil organic-matter concentrations and soil
pH levels have been given by Gilmore and Boggess [1963]
for the first 7 growing seasons and again for the 19th grow-
ing season [Gilmore and Boggess, 1976]
.
Briefly, they found that the soil organic-matter content
of the upper 15 centimeters increased during the first 7
years after the pines were planted. It did not increase signi-
ficantly during the next 6 years, but increased 48 percent
between the 13th and 19th years. At the end of 19 years,
soil organic-matter content had not reached equilibrium.
The soil pH increased during the first 7 years and decreased
between the 7th and 19th years, but had not reached equili-
brium after 19 years.
Between 1915 and 1955, a total of 31 metric tons of
limestone per hectare was added to some of the plots in the
study area. The soil in these plots showed differences in
organic-matter concentration and pH level from the soil in
those plots that did not receive lime between 1915 and
1955. With this exception, data on soil organic-matter con-
tent and soil pH are similar for all plots in the study area.
Therefore, data will be given only for plots that were limed
and not limed between 1915 and 1955.
In the spring of 1955, before the seedlings were plant-
ed, a composite soil sample was taken from the 0-to-
1 5-centimeter layer of each original fertility plot. In 1960
these plots were subdivided according to the tree species
planted, and a composite soil sample was taken from the
0-to-l 5-centimeter layer of each subplot. The same pro-
cedure was followed in 1967, 1973, and 1978, except that
samples were taken from both the O-to-7.5- and 7.5-to-15-
centimeter soil layers. The organic-matter concentration
was determined for each sample by the wet oxidation meth-
od [Walkley, 1947], using ortho-phenanthroline ferrous
sulfate as the indicator. Soil pH was determined with a glass
electrode in a 2:1 mixture of distilled water and soil.
RESULTS AND DISCUSSION
Soil Organic Matter
As shown in Table 1 and Figure 1, the levels of soil
organic matter found in the nonlimed plots in 1978 (2.06
percent in the 0-to-7. 5-centimeter layer and 1.04 percent in
the 7. 5-to-l 5-centimeter layer) did not differ significantly
from those levels found in the same soil layers in 1973.
From these data it can be assumed that the organic-matter
content has reached equilibrium in these soil layers. This
assumption is supported by Rolfe and Boggess [1973] , who
reported an organic-matter concentration of 2.1 percent for
the 0-to-8-centimeter layer in a 35-year-old plantation of
shortleaf pine in southern Illinois growing on a similar site.
In addition, Gilmore and Rolfe [1980] found that the soil
organic-matter concentration in the 0-to-7.5-centimeter lay-
er averaged 1.8 and 2.0 percent under 25-year-old loblolly
and shortleaf pines, respectively, and 1.0 and 1.2 percent in
the 7. 5-to-l 5-centimeter layer. These data suggest that if
soil organic-matter content has stabilized in these pine plan-
tations, stabilization occurred between the 12th and 17th
years. It should be pointed out that this period corresponds
to the time when canopies are closing and hardwoods are
starting to invade pine plantations in southern Illinois
[Arnold and Boggess, 1971]. The contribution that hard-
woods will make to soil organic-matter content in these
plantations is unknown.
Between 1955 and 1978, soil organic-matter levels in
the nonlimed plots increased by a factor of 2.4 in the upper
layer of soil and by a factor of 1.2 in the lower layer. On
the basis of these figures, it is conjectured that many more
years will pass before any appreciable amount of organic
matter will be incorporated into the lower soil layer.
A portion of this research was supported by funds from, the Illinois Agricultural Experiment Station, Hatch Project 55-383.
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Table 1. Average Percentage of Soil Organic Matter (% OM) and pH Level in the 0-to-7.5- and 7.5-to-l 5-Centimeter Layers of
Limed and Nonlimed Plots for Selected Years between 1955 and 1978*
Soil Plot
treatment
1955t 1960f 1967 1973 1978
depth %OM Soil pH %OM Soil pH %OM Soil pH %OM Soil pH % OM Soil pH
to 7.5 cm Limed 1.63a 6.08a 1.51a 5.93a 1.76a 5.92a 2.21b 5.76a 2.29b 5.51b
Unlimed 0.85a 4.81a 1.04b 5.07b 1.35b 5.00b 1.99c 4.80a 2.06c 4.96b
7.5 to 15 cm Limed 1.63a 6.08a 1.51a 5.93a 1.24b 5.95a 1.27b 5.66a 1.25b 5.61b
Unlimed 0.85a 4.81a 1.04b 5.07b 0.81a 4.94b 0.99b 4.66c 1.04b 4.84a
*Any two averages in a horizontal line not followed by the same letter are significantly different at the 95 percent confidence
level.
tSoil samples taken only from the entire 0-to-l 5-centimeter depth in this year.
Between 1955 and 1978, the organic matter in the
limed plots increased by a factor of 1.4 in both soil layers.
The equal increase indicates that the rise in organic-matter
content must be attributed to roots from weeds and grasses.
Soil data for the years between 1936 and 1978 are
available only for two plots (Table 2). That plot which
received amendments showed a slight increase in soil or-
ganic matter in 1978, and that which was left untreated
showed almost a threefold increase between 1936 and
1978. These results are representative for all plots in the
study.
Soil pH
In the soil samples collected in 1967 and thereafter, the
pH of the soil in the 0-to-7.5-centimeter layers of the non-
limed plots was found to be higher than that in the 7.5-to-
15-centimeter layers (Table 1). A probable explanation is
that the deep-rooted pines were able to extract bases from
the lower soil layer and, through nutrient cycling, deposit
them on the soil surface, thus affecting the soil pH in the
upper layer. It is not known whether differences in pH
between the two layers existed before 1960 because the
layers were not sampled separately until that time; earlier
samples encompassed the entire 0-to-l 5-centimeter depth
range. However, the area had been plowed repeatedly to a
depth of at least 15 centimeters for many years before the
pines were planted, and it is therefore reasonable to assume
that the soil pH was the same throughout the upper 15
centimeters.
In 1978 the pH of the 0-to-l 5-centimeter layer of the
nonlimed plots was significantly higher than in the previous
sampling year, reaching the level that it was when the pines
were planted (Figure 2). It is hazardous to predict whether
the pH will continue to increase or has reached equilibrium;
the shape of the curve shown in Figure 2 suggests that
either condition could prevail. It must be remembered that
soil pH is influenced by a number of factors, such as the
time of year and the weather conditions when the soil sam-
ples are taken.
In the limed plots, the pH of the 0-to-l 5 -centimeter
layer of soil averaged 6.08 in 1955 and declined gradually
but insignificantly until 1973 (Figure 2). A significant de-
crease was observed in 1978, when the pH reached a low of
5.56. That decrease could not be attributed to either the
upper (0-to-7. 5-centimeter) or lower (7.5-to-l 5-centimeter)
soil layer, there having been no significant difference noted
in the pH of those layers in 1978 (Table 1). It has been
postulated [Gilmore and Boggess, 1976] that the pH reach-
ed equilibrium in 1973 in these plots because planted pines,
native weeds, and grasses were cycling the soil bases. It is
still unknown whether the 1978 decrease in pH is real or a
variation caused by factors discussed above. The correct
answer can only be obtained after one or more additional
sampling periods.
CONCLUSIONS
Results to date show that organic-matter concentration
in the nonlimed plots has increased mostly in the upper
layer of soil. This increase has undoubtedly resulted from
deposition of pine litter on the soil surface and subsequent
incorporation of the litter into the upper soil layer. The
trees have contributed only small amounts of organic mat-
ter to the lower soil layer, a fact attributed to the slow
turnover rate of the long-lived pine roots. For the last five
years, soil organic-matter concentration in these plots has
not changed. When these results are compared with other
reported results, it appears that equilibrium in organic-
matter content has been reached.
Table 2. Average Percentage of Soil Organic Matter in the
0-to-15-Centimeter Layer of a Treated and an
Untreated Plot for Selected Years between 1936
and 1978
Plot
treatment 1936 1955* 1960 1967 1973 1978
MLPt 1.55 1.87 1.97 1.64 1.76 1.88
ot 0.56 0.62 1.18 1.13 1.52 1.57
*Pines planted in this year.
fReceived barnyard manure, limestone, and rock phosphate
between 1915 and 1955.
^Received no soil amendments between 1915 and 1955.
The small amount of organic matter added to the 0-to-
7.5-centimeter soil layer of the limed plots was attributed
to the rapid turnover of roots from weeds and grasses. It is
predicted that soil organic-matter concentration in the
limed plots will remain about the same in both soil layers
until the successional stages in these areas are more ad-
vanced.
The pH of the nonlimed plots appears to be the same
after 24 years. Cyclic fluctuations during this time were
attributed to normal variations. The pH in the limed plots
declined gradually during this same period, and only time
will tell if this pattern will continue.
Following Wilde's statement [1964] that soil organic-
matter concentration and pH level indicate the quality of a
reforested site, it is concluded that pine growth has amelio-
rated the soil on this site in 15 years.
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Figure 1. Average soil organic-matter concentration in the
0-to-l 5- centimeter layer of limed and nonlimed
plots.
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Figure 2. Average pH in the 0-to-l 5-centimeter layer of
limed and nonlimed plots.
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CHANGES IN A REFORESTED SOIL ASSOCIATED WITH
TREE SPECIES AND TIME. V. THE ORGANIC CONTENT
AND pH OF THE SOIL IN HARDWOOD PLANTATIONS AFTER TWENTY-THREE YEARS
A.R. Gilmore 1
This report is part of a series of continuing updates on
the changes in a reforested soil. The reforested areas are on
the E-town experimental field in southern Illinois. This
field had been used for about fifty years to evaluate the
effects of fertilizers and soil management on crop yields.
Agronomic experimentation was discontinued in 1955, and
hardwoods (sycamore, green ash, and yellow poplar) were
planted in 1956. The reader should refer to Gilmore and
Boggess [1963] for a complete description of the area, past
soil treatments, and methods used in the study.
The results of the study through the eighteenth growing
season have been reported by Gilmore [1977]. The data
showed that hardwood survival and growth were best on
the plots that had been limed. The organic matter content
of the soil before trees were planted was and still is higher
in plots that had been limed than in plots that had not re-
ceived lime. The organic matter content has increased since
the trees were planted. Most of this increase occurred in the
upper 7.5 centimeters of soil. The tree species planted did
not significantly affect soil pH, but they seemed to have an
equalizing effect on pH over time. Eighteen years after the
trees were planted, the pH was about the same as it had
been before they were planted.
Table 1. Organic Matter Content and pH at Selected
Depths in Limed and Nonlimed Soils
Limed Soil Unlimed soil
0-7.5 7.5-15 0-15 0-7.5 7.5-15 0-15
cm cm cm cm cm cm
Organic matter (percent)
1955 a • • • . .... 1.86 .... .... 1.44
1960a .... .... 1.80 .... .... 1.45
1967 2.15 1.47 1.81 1.62 1.16 1.39
1973 2.43 1.59 2.01 1.92 1.32 1.62
1978 2.66 1.58 2.12 2.40
PH
1.14 1.77
1955 a
. • . • .... 6.31 .... .... 5.53
1960a • • • . .... 7.12 .... .... 5.52
1967 6.64 6.52 6.58 5.67 5.57 5.62
1973 6.39 6.39 6.39 5.58 5.12 5.35
1978 6.58 6.48 6.53 5.72 5.30 5.51
aSoil samples were taken only from the layer consisting of
the upper 15 centimeters of soil in 1955 and 1960.
RESULTS AND DISCUSSION
The most striking features of the study in 1978 were the
differences in tree survival and growth and in the organic
matter content and pH of the soil between plots that had
been previously limed and the ones that had not been limed.
For this reason, data has been combined and presented
only for limed and nonlimed plots.
The level of organic matter in the top 15 centimeters of
soil increased in both the limed and nonlimed plots between
the eighteenth and twenty-third year. All of this increase
occurred in the layer consisting of the upper 7.5 centimeters
of soil (Table 1). The most likely reason that the change
occurred in this layer is that the hardwoods have most of
their small feeder roots near the soil surface. When roots die
they are incorporated into the soil, so that there is a gradual
buildup of organic matter content in this layer. The few
dead roots that are deposited in the lower soil layer only
partly maintain the level of organic matter in that layer.
The level of organic matter content in the upper 7.5 centi-
meters of soil in the limed and nonlimed plots is about half
that reported in soils supporting hardwoods native to the
region [Rolfe and Boggess, 1973] . It is anticipated that the
organic matter content of the soil will continue to increase
in these plots during the next ten to twenty years.
The pH of the soil increased in all soil layers during the
last five years (Table 1). It is not known whether these in-
creases are real or due simply to one or more factors that
A.R. Gilmore is Professor, Department of Forestry, University of Illinois at Urbana-Champaign. Part of the research reported
in this publication was supported by funds from the Illinois Agricultural Experiment Station, Hatch Project 55-383.
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have been shown to affect soil pH, such as the season
sampled, the handling of the soil sample, or the amount
of
moisture in the soil. If these pH determinations are real,
the logical explanation is that before 1973 the trees
were
removing more bases from the soil than were returned
through litter fall, but that in 1978 large quantities of bases
were being returned to the soil solution by way of nutrient
cycling. The 1978 pH values in the nonlimed plots are
slightly higher than the pH values of soils supporting hard-
woods native to the general area of this study [Rolfe and
Boggess, 1973] . It seems logical to assume that soil pH will
stabilize at around 5.5 in the nonlimed plots.
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COMPUTER-ASSISTED TEACHING IN FORESTRY
R.A. Young
Several new and innovative [Bever, 1974; Brown, 1977]
techniques have been used to revive the ailing [Wiant, 1968]
or dead [Lanner, 1969] subject of dendrology. Many of
these new techniques involve audio and visual teaching re-
sources that allow students to study at their own pace.
The Department of Forestry at the University of Illinois
at Urbana-Champaign is now using a computer-based teach-
ing system, called PLATO (Programmed Logic for Automatic
Teaching Operation), to assist in teaching dendrology. Be-
sides allowing students to work at their own speed, this
system permits immediate interaction and feedback on the
lesson, provides remedial instruction for students who are
not sufficiently prepared, and keeps records of the students'
progress.
In the PLATO system, the lessons, which may include
texts, drawings, graphs, or color photographs, are displayed
on a screen. Students work with the material through a
special keyset that closely resembles a typewriter keyboard
(Figure 1). They receive instantaneous reinforcement of
correct answers and immediate assistance with incorrect
ones. By carrying on a one-to-one dialogue with students,
the PLATO system presents material in unique new ways
that make students active learners. The lessons are highly
interactive, requiring students to answer questions, predict
the outcome of experiments, supply parameters to be used
in simulated experiments, and interpret sets of data.
In both the professional and academic sectors of forestry,
there is great potential for using computer-assisted teaching
systems. PLATO is currently being used in the medical and
health professions as a tool for continuing education; it
could similarly be adopted to update forestry employees on
new information and skills they need for their jobs. In addi-
tion, the techniques used in simulating flight conditions in
pilot training could be employed to train fire control per-
sonnel in a computer-based fire simulator. PLATO lessons
could also be used, as they are now in other professions,
to train management and sales personnel.
In the academic field, PLATO could help students in
resource management classes predict how their present de-
cisions will affect forest outputs in the future. For example,
using PLATO, students could learn how to carry out the
long-term planning that is required to establish allowable
timber-cutting policies. They could also determine how
yields, costs, and revenue are affected by fertilization,
thinning, rotation length, and harvest. In tree improvement
classes, students could describe the future genetic outcomes
of various crosses.
At the University of Illinois, PLATO lessons have been
written for dendrology. They include descriptions of trees,
regional forest characteristics, and a twig key. Correspond-
ing practice quizzes allow immediate feedback to the stu-
dents' answers. When students give incorrect answers,
PLATO suggests a way for students to correct their errors.
PLATO will even tell students when they have misspelled a
scientific name.
It is, however, in the use of a key that PLATO may be
best suited for assisting in the instruction of dendrology or
other plant identification courses. To use a twig key stu-
dents must first understand its mechanics, the terms used,
and the anatomical features of the specimens described in
the key. Once students master this information, their skill
in using a key improves with continued practice. Unfortu-
nately, traditional methods of practice do not always pro-
vide positive reinforcement. When students use a key in the
classroom, they don't find out whether they have identified
the right tree until after their answers are graded. In the
field, key users may never know whether they have reached
a wrong conclusion, even though they may suspect an error
when a book description of an answer does not fit the tree.
In either case they do not know where on the key they
made mistakes.
By using the twig key lesson on PLATO, students can
know immediately when they have made incorrect decisions.
Each time students make wrong choices a "help" sequence
is given to assist them in finding out why they made the
wrong decision (Figure 2). Suppose, for example, that the
students are asked whether stipular scars are present or
absent on the twig they are trying to identify. If the stu-
dents incorrectly indicate that the scars are absent, a com-
puter message will appear on the screen describing the scar,
location, and appearance of the stipule and recommending
the use of a hand lens to see the stipular scars more clearly.
Students then work through the entire key, making
choices and being instantly corrected or reinforced after
each decision. At the end of the key, they are given a descrip-
tion of the twig that summarizes the characteristics used in
R.A. Young is Assistant Professor, Department of Forestry, University of Illinois at Urbana-Champaign.
the key. A printed key identical to the PLATO key is also
available for the students. They are encouraged to mark on
their keys where they often make mistakes and to be especi-
ally cautious when working on those areas.
Keys lend themselves well to computer-assisted lessons
such as PLATO. Because keys have a logically flowing
sequence, they can be programed so that an answer will re-
call a predetermined response from the computer. Each twig
in the key is assigned a code number (these numbers may
be changed from time to time). The students give this num-
ber to the program before starting to use the key. Once the
computer "knows" the twig's identity, it selects a "path"
or subprogram, so that the students are always on the cor-
rect "path" to the twig's identity.
PLATO keeps records of students' performances for the
instructor's use. In addition to the number of times and
number of minutes each student uses PLATO, the system
can record the number of incorrect answers each student
makes and the number of incorrect choices made for each
species. This record allows the instructor to identify the
students who need additional help and to determine which
species are causing the most difficulty and why. Noting
problem areas, the instructor may realize that the students
have not clearly understood a particular characteristic and
need more instruction.
Twenty common midwestern tree species are currently
on the PLATO twig key, and more are being added continu-
ally. The lesson has been well received by the students in
dendrology. It has reduced the amount of instructor labora-
tory time and has given the students a more flexible, per-
sonalized method of twig key practice.
The University of Illinois's PLATO system supports
approximately 950 terminals that are controlled by a central
computer system in Urbana. These terminals are located at
about 140 sites nationwide, including 50 to 60 colleges and
universities. At 6 other major universities, PLATO systems
serve approximately 12 additional sites. Published PLATO
lessons are also available from the Control Data Corpora-
tion. This commercial system is currently being used at 200
locations nationwide, including 25 colleges and universities.
Access to this system is possible anywhere telephone service
is available. Lessons developed at any one site may be
used at all other sites. As more and more forestry lessons
become available, computers become potentially more
useful in teaching dendrology and other forestry courses.
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Figure 1. A forestry student using a PLATO screen and keyset.
Figure 2. After making a choice on the twig key, a student is instantly
corrected or reinforced by PLATO.
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GROSS YIELDS OF ROUGH WOOD PRODUCTS FROM A 31-YEAR-OLD
LOBLOLLY AND SHORTLEAF PINE SPACING STUDY
Lester E. Arnold
Land management practices formerly used in southern
Illinois have reduced the quality of many sites to the point
that valuable native hardwood species can no longer be grown
successfully. Thus, it has been necessary to find less de-
manding species to reforest these degraded sites. Shortleaf
pine (Pinus echinata Mill.) and loblolly pine (Pinus taeda L.)
have been widely planted in southern Illinois, although this
region is at the northern limit of the two species' natural
ranges [Boggess and Gilmore, 1963]
.
SITE AND STAND DESCRIPTION
In the spring of 1949, four complete replications of lob-
lolly pine and two complete replications of shortleaf pine
were planted at spacings of 4-by-4, 6-by-6, 8-by-8 and 10-
by-10 feet on the Tooley plantation (Figure 1). Each treat-
ment was planted in a 0.64-acre block with a study plot of
approximately 0.1 acre centered in each. The treatments
were arranged in a randomized complete block design. No
thinning, pruning, or cutting has been done.
The seedlings were grown at the Union State Tree Nursery,
Jonesboro, Illinois. Little is known about the seed sources.
According to nursery records, the loblolly pines were grown
from seed obtained in northern Alabama or Maryland; the
source of the shortleaf seed is unknown. The State Division
of Forestry attempted to procure seed from as far north as
possible within the ranges of both species [Boggess and Gil-
more, 1963].
At planting, the site had been abandoned from cultivation
for about ten years. There was a well-established ground
cover of broomsedge (Andropogan spp.) where erosion was
slight to moderate. Poverty-grass (Aristida dichotoma Michx.
and Danthonia spicata L. Beauv.) was dominant on severely
eroded areas [Boggess and Gilmore, 1963] . The soil is Grants-
burg silt loam (Ochreptic Typic Fragiudalf) with slopes
ranging from 2 to 12 percent. A map of the area shows that
about 85 percent of the study area has "little erosion" or is
"eroded"; the remaining 15 percent is "severely eroded"
[USDA soil survey, 1975]
.
METHODS
Although one original objective of the experiment was
to compare loblolly pine with shortleaf pine, the purpose of
this report is to examine the two species separately, empha-
sizing loblolly pine. This approach is taken in part because
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Figure 1. The Tooley plantation spacing study. B = block or replica-
tion, L = loblolly pine, S = shortleaf pine.
several researchers have shown that loblolly pine is superior
to shortleaf pine in growth [Boggess and Gilmore, 1963;
Coile, 1948; Gilmore and Gregory, 1974; Gregory, 1967;
Mann, 1953 ; Williamson, 1959; Zahner, 1957] and because
shortleaf pine is no longer recommended for planting in
southern Illinois. Shortleaf pine has not been planted in the
Shawnee National Forest in the past several years.
The sixth and latest survey of the area was a 100 percent
cruise of diameter breast height (DBH). The total height was
measured for 10 percent of the trees. That survey supports
the findings of the five previous surveys [Arnold, 1978]
.
As part of the fifth survey, the merchantable heights of
10 percent of all live trees were measured with a haga, but
the specific diameter inside the bark (DIB) was made solely
by ocular estimate. In the sixth survey, the procedure for
measuring was greatly improved. Of the 10 percent of trees
measured for height, two dominant or codominant trees per
plot were designated special-height trees. Field crews used
Swedish tree ladders to calculate specific DIBs (3.0,4.0,4.6,
6.0, and 8.0 inches). DIB is computed by subtracting twice
Lester E. Arnold is Forester, University of Illinois at Urbana-Champaign.
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the thickness of the bark, from the diameter outside the
bark. As the crew members determined each DIB, they also
measured their distance from the ground with steel tape and
then marked each location with a color-coded, vinyl flag.
The flags were used later by ground crews to make ocular
estimates of the DIB for similar, unmeasured trees. In this
survey, crew members used a haga hypsometer to measure
the merchantable and total heights.
All of the data processing was computerized, and most
of the procedures were adapted from USDA Technical Bul-
letin 1104 [Gevorkiantz and Olsen, 1955] . The procedures
from this publication are commonly used in measuring the
Shawnee National Forest in southern Illinois. All computa-
tions were made on a tree-by-tree basis. Statistical analysis
was computed on plot means.
The heights of individual trees were computed using the
regression of DBH, DBH2 , and the total height [Gregory,
1967] . This regression was determined with pooled block
data from the 10 percent survey of total height on a given
treatment. Since any of the live trees could have been cho-
sen for height measurement during the survey, the summaries
of tree heights represent average stand height, not just dom-
inant and codominant tree heights. This method of comput-
ing tree height was possible because neither the DBH nor
the total height varied significantly among blocks.
For trees over 30 feet high, the total peeled volume in
cubic feet was computed by this formula: Total Peeled
Volume = 0.42 BH (where B is the basal area in square feet
and H is the total height in feet). For trees under 30 feet,
this formula was used: Total Peeled Volume = 0.48 BH.
Volumes in board feet (by half-log minimums) were com-
puted using a modified form of the international one-fourth-
inch rule. But instead of assuming a half-inch taper for each
4-foot section of log, as is done by the standard rule, the top
DIBs were computed. A computerized version of Table 8,
"General taper used for trees of various heights," USDA
Bulletin 1104, was used in this study (r = 0.999). Most of
the saw timber was tallied as half logs.
The computations of pulpwood volume were similarly
patterned after tables in Bulletin 1104, in which the per-
centage of total height is translated into the percentage of
total cubic feet and then converted to cords by assuming 79
cubic feet of solid wood, 13 cubic feet of bark, and 36
cubic feet of open space per cord. To be counted as part of
the pulpwood volume, a tree had to have at least one full
8-foot stick. Above the first full stick, the tree was meas-
ured by increments of half sticks.
Posts and poles were measured in much the same way.
Merchantable heights to both the minimum and maximum
diameters were computed for a given tree. Then the length
of the stem between those two diameters was calculated
based on taper data. The stem length was used to deter-
mine how many whole posts or poles the particular tree
could produce. A 1-foot stump was assumed for saw tim-
ber and an 8-inch stump for pulpwood, posts, and poles.
RESULTS AND DISCUSSION
After 31 years of growth, there were significant differ-
ences among the four spacing treatments for both species
and for all parameters reported (Tables 1 and 2). Mean DBH
Table 1. Basic Stand Data at Age 31
for Loblolly Pine at Various
Spacings (in feet), Fall, 1979 a
Treatment means (
Parameters 10X10 8X8 6X6 4X4
DBH, in 9.6a 8.7b 7.7c 6.4d
Total height, ft 71.5a 72.6a 68.6b 60.9c
Merchantable height,
4-inch top, ft 53.2a 51.5a 43.7b 29.1c
No. of trees
per acre 296c 386b 420ab 455a
Percent survival 67.9a 56.6b 34.7c 16. 7d
^ooley plantation.
Treatments were significant at the 1 percent level.
cSuffix a, b, c, or d represents ranking according to
Duncan's Multiple Range Test at the 5 percent level.
Table 2. Basic Stand Data at Age 31
for Shortleaf Pine at Various
Spacings (in feet), Fall 1979 a
Treatment means
Parameters 10X10 8X8 6X6 4X4
DBH, in 8.9a 8.1b 6.7c 5.9d
Total height, ft 61.7a 62.6a 59.7b 54.7c
Merchantable height,
4-in. top, ft 43.6a 41.3a 32.4b 22.5c
No. of trees
per acre 311c 436b 670a 675a
Percent survival 71.4a 64. lab 55.4b 24.8c
^ooley plantation.
Treatments were significant at the 1 percent level.
Suffix a, b, c, or d represents ranking according to
Duncan's Multiple Range Test at the 5 percent level.
measurements for both loblolly and shortleaf pine were
larger at the 10-by- 10-foot spacing than at the other spac-
ings. In addition, the average DBH for each loblolly treat-
ment was lA to 1 inch greater than that of the corresponding
shortleaf treatments. Measurements of the total heights of
both the loblolly and shortleaf pines planted at 10-by- 10-
foot and 8-by-8-foot spacings showed that these treatments
were significantly taller than the others, but not taller than
each other.
These significant findings bring into question the site in-
dex relationship (Tables 1 and 2). In these tables the data
used for computing the total heights are based on all live
trees, not only dominant or codominant trees. The height
ranges of each species varied so greatly that they must be
questioned. The heights of the loblolly pines varied from
71.5 feet at the 10-by-10-foot spacing to 60.9 feet at the
4-by-4-foot spacing; the heights of the shortleaf pines ranged
from 62.6 feet at the 10-by-10-foot spacing to 54.7 feet at
the 4-by-4-foot spacing. These differences indicate that at
age 31 years site index on the closer spacings of both spe-
cies is underestimated by 15 percent.
The merchantable heights in Tables 1 and 2 were com-
puted from taper tables based on the DBH and the total
height. The graph in Figure 2 compares only the loblolly
pines at the 10-by-10-foot spacing that were directly meas-
ured and the ocular DIB estimates of merchantable height
with data computed from taper tables. Other comparisons
will be covered in a later report.
The direct measurements of DIB and merchantable height
are the most accurate. Although it was not possible to ob-
tain enough data for ideal comparisons, the extrapolations
of the regression curves compare favorably with the DBH,
total height, and taper data. The ocular estimates of the
DIBs with haga-measured merchantable heights appear rea-
sonable for small and short trees. However, this method tends
to underestimate larger trees, especially when the data are
extrapolated by computer. The extrapolation in Figure 2
includes the range of tree sizes found in the complete sur-
vey of the loblolly at the 10-by-10-footspacing. Without more
intensive sampling, the most practical means of determining
merchantable heights is to compute them from DBH, total
height, and standard taper tables.
The mortality of both species among all treatments has
been increasing, but the increase has been sharpest in the
treatments spaced 4-by-4 feet. Since the 1975 survey, the
survival for both species at this spacing has been reduced by
more than half, down to 16.7 percent of the loblolly pine
and 24.8 percent of the shortleaf pine originally planted.
The volume and yield of rough wood products were not
always as predictable as were the basic stand data. For
example, the loblolly planted at 8-by-8-foot spacing has
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Figure 2. A comparison of merchantable height (4-inch top DIB)
measurement techniques with each other and with total
height. TH is total height; DM is direct measurement;
CT is computed from taper; and OE is ocular estimate of
4-inch top DIB.
5,032 cubic feet per acre. But unlike in previous surveys, the
volume of loblolly planted at 8-by-8-foot spacing was no
longer significantly greater than that of the loblolly at 10-
by-10-foot spacing (Table 3). Similarly, the volume of the
shortleaf pines planted at the 6-by-6, 8-by-8, and 10-by- 10-
foot spacing were no longer significantly different (Table 4),
as they had been in previous surveys when the shortleaf
planted at 6-by-6-foot spacing had significantly more volume.
Table 3. Yield of Selected Rough Wood Products from
Loblolly Pine at Age 31 Planted at Various
Spacings (in feet), Fall 1979 a
Parameters
Treatment means per acre
10X10 8X8 6X6 4X4
Total peeled
volume, ft. 3 4,579ab 5,032a 4,101b 2,787c
No. of 7-ft. fence
posts, 4-6 in 637c 1,090b 1,413a 1,152b
No. of 16-ft.
poles, 4-8 in 551b 784a 805a 528b
Sawlog volume to
8-in. top, bd. ft 7,206a 3,791b 1,367c 271c
No. of sawlogs 159a 92b 35c 7c
Pulpwood volume,
4-in. top, cords 54.4a 58.5b 45.5b 26.4c
^ooley plantation.
Treatments were significant at the one percent level.
cSuffix a, b, c, or d represents ranking according to
Duncan's Multiple Range Test at the 5 percent level.
Table 4. Yield of Selected Rough Wood Products from
Shortleaf Pine at Age 31 Planted at Various
Spacings (in feet), Fall 1979a
Parameters
Treatment means per acre
10X10 8X8 6X6 4X4
Total peeled
volume, ft. 3 3,707a 4,382a 4,455a 3,197b
No. of 7-ft. fence
posts, 4-6 in.d 653c 1,101b 1,947a 1,301b
No. of 16-ft.
poles, 4-8 in. e 556b 803a 972a 583b
Sawlog volume to
8-in. top, bd. ft. e . .. .4,638a 3,090a 483b 94b
No. of sawlogse 104a 72a 13b 3b
Pulpwood volume,
4-in. top, cordse ... . 43.2a 49.6a 45.0a 27.3b
aTooley plantation.
Suffix a, b, c, or d represents ranking according to
Duncan's Multiple Range Test at 5 percent.
cTreatments were significant at 10 percent.
Treatments were significant at 1 percent.
eTreatments were significant at 5 percent.
\
Significantly more 7 -foot fence posts (with a minimum
DIB at the top of 4 inches and a maximum butt DIB of 6
inches) were grown at the 6-by-6-foot spacings of both spe-
cies; the loblolly had 1,413 posts per acre and the shortleaf
1,947 posts per acre. These figures are 23 and 50 percent
greater, respectively, than the next closest treatments of
loblolly and shortleaf (Tables 3 and 4). It is important to
note that the shortleaf pine yielded more fence posts than
the loblolly. Several factors have caused this reversal since
1975. Mortality and outgrowth have reduced the number of
trees in all loblolly treatments, whereas lower mortality rates
and more ingrowth have allowed the shortleaf treatments
spaced 6-by-6 feet to increase by nearly 15 percent. All other
shortleaf treatments have remained relatively stable.
The differences were not as great for 16-foot poles (with
a minimum DIB at the top of 4 inches and a maximum butt
DIB of 8 inches) as for fence posts. However, the 8-by-8
and 6-by-6-foot treatments were similar for both species.
Yields were 784 and 805 poles per acre in loblolly and 803
and 972 poles per acre in shortleaf at the 8-by-8 and 6-by-6-
foot spacings, respectively. Loblolly no longer clearly leads
in production of poles, as shown in Tables 3 and 4; shortleaf
is now ahead by 20 percent at the 6-by-6-foot spacing. How-
ever, the loblolly spaced 6-by-6 feet grew 963 poles per acre
in 25 years, while shortleaf spaced 6-by-6 feet did not have
972 poles per acre until age 31 years.
After 3 1 years of growth, the largest gross volume in board
feet of sawlogs (with a minimum DIB at the top of 8 inches)
was found in the 10-by- 10-foot spacings for both species with
7,206 board feet per acre for loblolly and 4,638 per acre
for shortleaf pine. Because of ingrowth, the volumes of both
loblolly and shortleaf sawlogs greatly increased from age 25
to 31 (4,231 to 7,206 and 1,862 to 4,638 board feet, res-
pectively), although the loblolly pine outproduced the short-
leaf pine by 55 percent.
Unexpectedly, at age 25 the shortleaf spaced 10-by-10
and those space 8-by-8 feet produced equal yields of cord-
wood. At age 3 1 both the shortleaf and the loblolly planted
at those spacings and at others as well produced about the
same amount of cordwood. Differences were not significant
among the 10-by-10, 8-by-8, and 6-by-6-foot spacings of
shortleaf (43.2, 49.6, and 45.0 cords, respectively; see Table
4). In addition, the difference now between the loblolly
spaced 10-by-10 and that spaced 8-by-8 feet (54.5 and 58.5
cords, respectively; see Table 3) is not significant. The lob-
lolly pine generally outyielded shortleaf pine by 25 percent.
CONCLUSIONS
Appreciable gross volumes in board feet have accumulated
in the loblolly spaced 10-by-10 feet, although much of it is
still in half-logs. Pulpwood volumes have generally increased
for all spacings for both species, but there is no longer a signi-
ficant difference between the two wider spacings of either
specie.' At both spacings the loblolly pine outproduced the
shortleaf by 25 percent. But at the closer spacing, because of
greater mortality in loblolly, the two species are now equal
in pulp yield.
The number of poles declined in the loblolly treatments
but increased in the shordeaf, although the highest yields of
loblolly at age 25 were similar to the highest yields of short-
leaf at age 31. In general, the yields of fence posts for both
species either remainedabout the same or dropped somewhat,
with the exception of the shortleaf spaced 6-by-6 feet, which
increased by nearly 15 percent to 1,947 posts per acre, the
highest recorded for either species. The greater mortality
in the closer spacings and the continued growth in the wider
spacings have reached the point where the gross peeled vol-
umes produced at the wider spacings of either species are
no longer significantly different. The greater mortality of
the loblolly pine has allowed the shortleaf pine to reach a
peeled volume that is less than 10 percent lower. Survival
has dropped significantly in all spacings, most drastically
in the 4-by-4 foot treatments for both species; it is down by
more than 50 percent for both species from age 25 to 31.
In general, loblolly will outproduce shortleaf. But in some
cases the slower growth and lower mortality rates of short-
leaf pine enable the forest manager to keep posts and poles
on the stump longer—an advantage with the uncertain post
and pole market.
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THE EFFECT OF JUGLONE CONCENTRATION
OF THE
ON THE GROWTH OF FRANK!A IN VITRO QV 1981
J.O. Dawson, S. Knowlton, and Soon-Hiva S$\i\<p'1 r, PAtC
Nitrogen-fixing trees and shrubs can be planted in mix-
ture with black walnut (Juglans nigra L.), a valuable timber
species, in order to increase walnut growth. In Illinois,
black walnut interplanted with autumn-olive (Eleagnus
umbellata Thunb.) is the most successful mixture, resulting
in more rapid walnut growth than when walnut is planted
alone [Funk, 1979] . Autumn-olive forms root nodules
symbiotically with nitrogen-fixing actinomycetes of the
genus Frankia. In this way autumn-olive increases the soil
nitrogen available to the walnuts. Further, by shading the
soil, autumn-olive improves the microclimatic conditions
for the establishment and early growth of the walnut.
Although interplanting walnut trees with other woody
plants can have benefits, land managers are often reluctant
to plant black walnut in mixture with other species because
of the possible allelopathic effects of the walnut trees. The
allelopathy is caused by juglone (5-Hydroxy-l,4-naphtho-
quinone), which is found in the leaves, fruit hulls, and roots
of walnut trees [Lee and Campbell, 1969] .Juglone restricts
plant respiration by oxygen inhibition [Perry, 1967]
.
In a study conducted by W.J. Rietveld, concentrations
of juglone greater than 100 juM proved lethal to tree seed-
lings of various species, including the Fran kia-nodu\atcd
species E. umbellata and Alnus glutinosa (L.) Gaertn. [let-
ter dated April 24, 1980, from W.J. Rietveld, Forestry
Sciences Laboratory, USDA Forest Service, Carbondale,
Illinois] . Concentrations of 100 juM through 1 juM inhib-
ited growth of seedlings of these species. Concentrations
less than 1 fjM did not significantly affect the growth of
tree seedlings, although at some very low concentrations
juglone did slightly stimulate plant growth.
Researchers have not yet studied the effect of juglone
concentration on the beneficial soil actinomycete Frankia.
The purpose of the research reported in this publication
was to determine the effect of juglone on Frankia growth in
vitro
.
Cpll) were grown in the dark at 25° C. in 10 ml of liquid
medium in 25-ml culture tubes. The medium (at pH 6.4)
contained per liter of water 5.0 g of Difco Bacto yeast
extract; 5.0 g of casamino acids (acid-hydrolyzed) ; and
10.0 g of dextrose. Powdered juglone was dissolved in dis-
tilled water by mixing it on a stir-plate for 16 hours at
48 C. to make stock solutions. One-ml portions of stock
solutions were sterilized by passing them through .45-
micron millipore filters; then they were added aseptically
to two-week-old subcultures of Frankia. The addition of
1 ml of the appropriate stock solution to each tube of
Frankia resulted in liquid cultures with juglone concentra-
tions of 1,000 MM, 100 nM, 10 MM, and ImM. Controls
were prepared by adding 1 ml of sterile distilled water to
additional culture tubes. There were four Frankia cultures
for each of the five treatments, including the controls.
After 14 weeks, each colony of Frankia was centrifuged at
2,000 rpm for five minutes in a Bauer-Schenck sedimenta-
tion tube. After centrifugation, the volumes of packed
cells from all the treatment units were measured, and the
cultures were examined by phase-contrast microscopy.
RESULTS AND DISCUSSION
The growth of Frankia cultures (Frankia sp. Cpll)
decreased exponentially as the juglone concentration in-
creased over the treatment range (Figure 1). The condition
of Frankia cultures grown in 1,000 MM juglone is necrotic
in contrast with the normal condition of controls without
juglone (Figure 2). Juglone inhibits the growth of this
beneficial soil microorganism, and perhaps others as well.
The juglone concentration does not seem to reach toxic
levels in the affected soil until black walnut trees are 15
to 20 years old. At this age the inhibition of associated
plants can be observed. Once black walnut trees that are
METHODS
An isolate of Frankia from root nodules of Comptonia
peregrina (L.) Coult. [Callaham et al., 1978] was used in
this experiment. Pure cultures of this isolate (Frankia sp.
Sigma Chemical Co. Grade II, approximately 90 per-
cent; a purity correction was made when mixing the stock
solutions.
Kimble Division, Owens-Illinois, Inc., Toledo, Ohio.
Art. No. 46815.
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interplanted with nitrogen-fixing trees or shrubs reach this
age, the suppression of seedlings of competing nurse trees
may be desirable. However, it is unlikely that the suppres-
sion of Frankia in the soil would be beneficial, particularly
if any future planting of Frankia-noduldAed nurse plants is
desired.
Additional studies will be required to determine if jug-
lone inhibits nodule formation by Frankia in host species
planted immediately after a black walnut harvest. Juglone
may suppress other beneficial soil microorganisms just as
it does Frankia. In addition, juglone may inhibit pathogens
in the soil. The possibilities for further research on the ef-
fects of juglone and other allelopathic substances on soil
microorganisms are numerous and are of potential benefit
to forest managers. Additional studies might lead to the
identification of helpful bacteria or fungi that are resistant
to allelopathic substances produced by desirable tree spe-
cies, or these studies could help in planning mixtures and
rotations of tree species in order to control pathogens.
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Figure 1. The effect of juglone concentration on the growth of a
Frankia isolate (Frankia sp. CpID. The plotted points
represent the means of 4 cultures ±1 standard deviation.
Figure 2. Contrast between the necrotic colony of Frankia grown
in 1,000 /!M juglone (above) and the control (below)
(100 x).
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THE QUANTITY AND QUALITY OF RUNOFF
FROM A SHORTLEAF PINE PLANTATION IN SOUTHERN ILLINOIS
R.J. Brozka, G.L. Rolfe, and L.E. Arnold
December, 1981
Forested land in the United States receives more than
half the annual precipitation in the country and yields more
than three-fourths of the total streamflow (Pereira, 1973).
It is generally recognized that forest land is the source of
high-quality water (Corbett et al., 1980; Tamm et al., 1974;
Stone, 1973) and that the kind and amount of vegetation
present serve to regulate the movement and storage of
water (Douglass, 1979). Less well-defined are the effects of
forest management practices on water quality. A large body
of literature exists on this subject, but research results vary
according to several factors including soil characteristics,
vegetation, climate, and degree of disturbance.
There is currently very little information on the effects
of forest management practices on water quality in south-
ern Illinois, the state's most important forest region. Here,
most communities rely on surface water as a primary source
of water because of the area's limited groundwater
resources (Boggess et al., 1965). The sediment load and
concentration of dissolved plant nutrients in runoff indicate
the rate at which a particular site is losing its nutrients. This
runoff is especially critical in southern Illinois where the
topography consists of steep slopes, and the soils are thin,
easily eroded, and often nutrient-deficient. Additional nu-
trient and soil losses cannot be tolerated if the site-quality
is to be maintained.
PURPOSE AND STUDY DESIGN
The data reported in this paper are taken from a mature
shortleaf pine (Pinus echinata Mill.) watershed that has
been thinned and will later be clearcut and planted to a
hardwood species. However, this study is part of a much
broader, ongoing research project at Dixon Springs Agricul-
tural Center, designed to determine the quantity of water
yield from forested watersheds under various management
alternatives. In addition to the pine watershed with which
this paper is concerned, research from the following areas is
included:
1. An oak-hickory watershed that was calibrated, then
clearcut in November, 1979. Results from this
watershed and its control have been summarized by
Brozka and others (1981b).
2. A grass-to-forest succession where normal, aban-
doned field-succession has been followed by planting
loblolly pine (Pinus taeda L.).
3. A dry site oak-hickory watershed to which liquid
livestock waste is being applied.
All silvicultural techniques employed are those used
currently and locally to obtain experimental results that are
directly applicable. The data resulting from these studies
will eventually provide a comprehensive picture of water
relations and nutrient export from small southern Illinois
watersheds.
DESCRIPTION OF THE SITE
At the time of settlement, almost 85 percent of the
land in southern Illinois was covered with high-quality de-
ciduous forests, most of which were subsequently cleared
for agriculture (Spaeth, 1948). Because the land is steep
and the soils are easily eroded, poor land use caused yields
to decline, leading in turn to large-scale farm abandonment
in the early 1900s. A large portion of this land was included
in the Shawnee National Forest in the 1930s, and two
southern pine species were planted in abandoned fields to
ameliorate the harsh site conditions.
The study site is located near the Dixon Springs Agri-
cultural Center in Pope County in southeastern Illinois. The
area, known as the Shawnee Hills, is part of the Ozark
uplift and is highly dissected (Leighton et al., 1948). The
climate of the region is classified as continental (Page,
1949). The mean daily minimum temperature in the coldest
month, January, is -4 C, and the mean daily maximum tem-
perature in the hottest month, July, is 32 C, although ex-
tremes range far below and above these averages. Rainfall is
fairly well-distributed over the year, averaging 117 cm
annually; of this rainfall, 36 to 43 cm comprise streamflow.
Summer droughts of varying intensity and duration are
common, and the mean annual soil-moisture deficit is 10 to
20 cm (Illinois State Water Survey, 1957). Only light snows
occur during an average winter.
The watershed was planted to shortleaf pine in 1949 at
a spacing of 1.8 by 1.8 meters. Since planting, the area has
not been burned or grazed. The only disturbance was a
R.J. Brozka is Research Assistant, G.L. Rolfe is Professor, and L.E. Arnold is Forester, Department of Forestry, University of
Illinois at Urbana-Champaign. This study was supported in part by the Illinois Agricultural Experiment Station, Hatch Project
55-344.
thinning operation at midpoint in the study. When the
study was initiated in 1976, the basal area was 39 m 2 /ha
approximately. The crown had suffered moderate damage
in several ice storms. At present, the understory consists of
several hardwood species that commonly invade planted
pine sites (Arnold and Boggess, 1971). Japanese honev-
suckle (Lonicera japonica) is very prominent on the site,
forming a dense cover over much of the catchment. The
aspect of the watershed is generally south, with slopes
averaging 6 to 8 percent. The total area of the watershed is
0.53 hectare.
The soil is of loessial origin and has developed under
forest vegetation. A single soil series, Grantsburg silt loam
(Typic Fraguidalf), is present on the watershed. The series
is characterized by a well-developed fragipan at a depth of
68 to 79 cm, which restricts both downward movement of
water and root penetration. The soil is low in organic mat-
ter, has slow to very slow permeability, a pH from 4 to 5,
and a moderate, available water capacity. Runoff is medium
to very rapid.
MATERIALS AND METHODS
Gauging of the watershed began in 1976 with the instal-
lation of a V-notch weir and water-level recorder. In
addition, a sump hole was dug near the weir to collect and
measure the subsurface flow. An automatic water sampler
was installed to collect surface water samples. It is activated
by water flow over the weir, and takes one-liter samples at a
pre -set interval. An automatic water sampler was also
placed in the sump hole to collect a composite sample of
the subsurface flow. The water samples were collected and
manually transferred into polyethylene bottles. Imme-
diately after collection, the samples were tested for conduc-
tivity, turbidity, and pH. Samples were then frozen until a
nutrient analysis could be carried out. Na, K, Ca, and Mg
were determined by atomic absorption spectrophotometry
(Ediger, 1973). Orthophosphate was determined by the
single solution method (Murphy and Riley, 1962), and ni-
trate nitrogen was determined by the phenoldisulfonic acid
method (Black et al., 1965).
In the fall of 1979, the watershed was thinned by 50
percent of its basal area. Skidding was done with a small,
garden-type tractor, and some mineral soil was exposed by
the removal of the litter layer. The operator failed to
remove any of the thinned material from the upper 25
percent of the watershed and took only the boles of the
trees from the remaining portion, leaving all slash where it
fell.
RESULTS AND DISCUSSION
Stream Hydrology
The stream draining the watershed is intermittent, so
that flow occurs only with rainfall when the soil is suffi-
ciently charged with moisture. The largest flow volume
occurs in the late winter and early spring. There is, typi-
cally, no flow from June through October when evapotrans-
piration is at its peak. Thus, runoff from the watershed
consists, essentially, of storm discharge.
Table 1 shows annual runoff and precipitation. Runoff,
expressed as a percentage of precipitation, has been fairly
constant, except in 1979, when discharge was unusually
large. Precipitation that year was almost 26 cm greater than
normal, and the soil was saturated for longer periods of
time. Consequently, when the saturated soil received addi-
tional inputs of rainfall, a greater percentage was discharged
in the stream.
Several investigators report runoff from coniferous
watersheds to be less than that from hardwood watersheds,
due, primarily, to greater evapotranspiration by coniferous
species (Verry, 1976; Swank and Douglass, 1974; Rogerson
and Byrnes, 1968). However, in this study, the 4-year aver-
age runoff from the shortleaf pine watershed was 39.3 per-
cent of precipitation while the runoff from two nearby
hardwood watersheds was 25.5 and 30.7 percent in the
same 4-year period (Brozka et al., 1981b). This apparent
contradiction may be partially explained by the ice-storm
damage to the crown of the pine stand, which reduced
evapotranspiration loss.
Because variation between years exists in the runoff,
and more importantly, because there was no control water-
shed in this study, it could not be determined if the thin-
ning operation produced an increase in streamflow. Urie
(1971) and Van Der Zel (1970) both reported increases in
streamflow following thinning in pine stands, and Douglass
(1979) states that forest-cutting increases water yield,
depending on the amount of vegetation removed.
Conductivity, Turbidity, and pH
Table 2 summarizes mean annual conductivity, turbi-
dity, and pH for the study period. No conclusions can be
Table 1. Runoff and Precipitation
Precip- Runoff as a
Runoff (£/ha) itation
(cm)
percentage of
Year Surface Subsurface Total precipitation
1977 2,730,721 365,479 3,096,200 120.6 25.67
1978 3,273,437 818,113 4,091,550 111.5 36.70
1979 6,739,069 1,552,741 8,291,810 143.8 57.66
1980 2,556,877 695,345 3,252,222 87.4 37.21
Table 2. Annual Means of Conductivity, Turbidity, and pH
for Surface and Subsurface Water
Year Conductivity* Turbidityt pH
Surface water
1977 33.90 b 5.71 a 5.95 a
1978 37.31 a 8.82 ab 5.90 a
1979 33.98 b 10.88 a 5.66 b
1980 36.13 ab 10.44 a
Subsurface water
5.48 c
1977 43.62 a 9.00 a 6.06 a
1978 42.77 a 7.02 b 5.93 a
1979 35.75 b 9.86 as 5.67 b
1980 41.52 a 7.18 b 5.70 b
Means with the same letter are not significantly different (0.05).
*CCE = Calcium carbonate equivalents.
tNTU = Nephelometric turbidity units.
drawn about the effects of the thinning on these parameters
because of the absence of a control watershed for compari-
son. Means were tested for significant differences between
years by Duncan's multiple range test to detect annual
variation.
Conductivity showed variations between years but was
consistently rather low, and indicated relatively small
amounts of dissolved minerals in the water. Subsurface
water produced higher conductivity readings than surface
water, probably because the subsurface water had per-
colated through the soil and had brought some minerals
into the solution.
Turbidity levels also varied between years, especially in
the surface water. Individual readings ranged from over 100
to less than one. The amount of suspended sediment, of
which the turbidity measurement is an approximation,
depends heavily on the intensity of rainfall. Thus, with the
highly variable rainfall in the area, turbidity is likely to
fluctuate considerably, especially on the more erodable
soils. The levels reported here compare favorably with
stormflow turbidity readings from undisturbed forest land
in studies by Patric (1980), and Kochendorfer and Aubertin
(1975).
Water pH was mildly acidic. Levels were slightly lower
than those reported for hardwood watersheds (Patric, 1980;
Martin, 1978) but higher than those from a Florida pine
watershed (Riekerk et al., 1980). Rainfall pH in the area
has been very acidic in recent years, averaging about 4.5
(Arnold and Rolfe, 1980). A steady decline of runoff pH
occurred during the study, possibly because of the acidity
of the rainfall. The period following the thinning produced
the lowest pH, but it is not possible to attribute this to the
disturbance. Mean monthly pH levels were computed and
proved to be fairly stable. All monthly means fell between
5.5 and 6.0, indicating little seasonal fluctuation.
Mean Annual Nutrient Concentrations
Tables 3 and 4 show annual means for the concentra-
tion in the runoff of the six nutrients measured. Empirical
comparisons with concentrations from two hardwood
watersheds at Dixon Springs reported by Brozka and others
(1981a) show Na to be similar, K higher, Ca higher, Mg
lower, P04 similar, and N0 3 slightly lower on the pine
watershed. In a very similar study in northern Mississippi,
all six nutrients were reported at lower concentrations than
from the watershed in this study (Schreiber et al., 1976).
Duncan's multiple range test was used to detect annual
variation in the concentrations. Only nitrate remained con-
stant over the study period. The other nutrients showed
different degrees of variation, but nothing to suggest an
adverse effect from the thinning operation. No significant
correlation was found between nutrient concentration and
Table 3. Mean Annual Nutrient Concentrations of Surface
Water (mg/£)
1977 1978 1979 1980
Na 2.11 1.55 1.44 1.82
a be c ab
K 6.31 2.68 2.24 2.62
a b b b
Ca 10.35 10.54 9.40 10.25
ab a b ab
Mg 1.45 1.86 1.86 2.00
c b b a
po 4 0.03 0.02 0.02 0.01
a b b b
NO a 0.21 0.19 0.17 0.23
a a a a
Means with the same letter are not significantly different.
Table 4. Mean Annual Nutrient Concentrations of
Subsurface Water (mg/£)
1977 1978 1979 1980
Na 3.35
a
2.71
b
2.06
c
2.88
b
K 1.23
a
0.98
b
1.20
a
0.85
b
Ca 12.10
a
10.07
b
8.55
c
9.08
d
Mg 3.04
a
2.78
b
2.31
c
2.77
b
po4 0.02
a
0.01
b
0.02
ab
0.01
b
NQ 3 0.15
a
0.10
be
0.14
ab
0.08
c
Means with the same letter are not significantly different.
Table 5. Mean Monthly Nutrient Concentrations in Surface Runoff (mg/£)
Jan. Feb. Mar. Apr. May Nov. Dec.
Na 1.42 1.65 1.86 1.58 1.76 1.34 1.49
K 2.72 3.44 3.28 2.13 3.18 3.41 2.61
Ca 22.53 10.75 10.01 8.90 8.41 10.30 11.43
Mg 1.86 1.96 1.95 1.69 1.61 1.80 1.92
P04 0.02 0.02 0.01 0.01 0.02 0.04 0.02
N0 3 0.14 0.36 0.18 0.12 0.14 0.22 0.23
N = 15 N = 27 N = 126 N = 52 N = 15 N = 28 N = 50
Table 6. Annual Nutrient Loss (kg/ha)
Na K Ca Mg P0 4 N0 3
Subsurface
1977 0.87 0.68 3.98 1.30 0.005 0.05
1978 1.75 0.92 7.33 1.98 0.010 0.09
1979 2.87 2.08 7.17 2.99 0.033 0.27
1980 1.75 0.89 6.30
Surface
1.72 0.006 0.08
1977 7.64 26,37 32.19 4.27 0.062 0.55
1978 4.00 9.60 26.87 4.96 0.056 0.78
1979 8.52 14.36 53.44 11.03 0.128 1.20
1980 4.19 6.75 24.65 4.80 0.032 0.72
Total
1977 8.15 27.05 36.17 5.57 0.067 0.61
1978 5.75 10.52 34.20 6.94 0.066 0.87
1979 11.39 16.44 60.61 14.02 0.161 1.47
1980 5.94 7.64 30.95 6.52 0.038 0.80
rate of water discharge. The absence seems to indicate that
nutrient loss from the watershed depends more on total
streamflow than on nutrient concentration in the runoff.
Monthly nutrient concentrations, averaged from all four
years, show some seasonal fluctuations (Table 5). NO3
exhibited the largest relative seasonal variation. This is to be
expected, since, of the six nutrients measured, NO3 is usu-
ally considered the most responsive to changes in tempera-
ture and moisture conditions in the soil. Ca also showed
some monthly variation, but the remaining nutrients were
rather steady over the year.
Annual Nutrient Budgets
Annual outputs of the six nutrients were determined by
multiplying the volume of water discharged in the streams
by the nutrient concentrations of the water sample repre-
senting each particular period of flow (Table 6). Nutrient
outputs varied considerably between years, but the varia-
tion is primarily a reflection of the volume of water dis-
charged during the year.
Rolfe and others (1978) have reported nutrient inputs
in rainfall averaged for the years 1973-75 from a study at
Dixon Springs. By substracting nutrient outputs from rain-
fall inputs, an approximation of the annual nutrient flux
was made. There was a net gain of N0 3 , P04 , and K, but a
net loss of Mg and Ca. No input data were available for Na.
Except with regard to K, these results agree with many
other studies (Schreiber et al., 1976; Johnson and Swank,
1973; Fredriksen, 1972; Taylor et al., 1971; Likens et al.,
1970). No attempt was made to estimate bedrock weather-
ing, although this represents a significant and constant
nutrient input.
CONCLUSIONS
During the study period, runoff volumes were quite
high from the pine watershed when compared to those
from two nearby hardwood watersheds. The increased
volume was probably due in part to the sparser crowns of
the pines.
Most water quality parameters exhibited variations be-
tween years. Only N03 remained stable throughout the
study period. Levels of pH have been declining, possibly as
a result of the low pH in rainfall. The variation in the other
parameters is most likely due to annual climatic variations,
especially amounts of precipitation. There was no evidence
that the thinning operation had an adverse effect on water
quality.
Data are still being collected from the watershed, al-
though less intensively on water quality. The watershed will
eventually be clearcut and planted to a hardwood species to
further evaluate changes in water yield and quality.
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A STUDY OF LIQUID LIVESTOCK WASTE DISPOSAL ON A FORESTED WATERSHED IN SOUTHERN
ILLINOIS: I. EFFECTS ON THE DIVERSITY OF HERBACEOUS PLANT SPECIES
R. H. Pinkowski, G. L. Rolfe, and L. E. Arnold
Perhaps the single most important problem facing feed-
lot operations is the disposal of livestock wastes. Although
there is much variation among animals and their feed, their
excrement yields the following nutrients in these approxi-
mate percentages: nitrogen, 75; phosphorus, 80; potassium,
90; and organic matter, 50 percent (Tisdale and Nelson,
1975). Each animal can be expected to produce an average
waste of 165 kg daily (Jedele, 1973).
Since such large quantities of nutrients can be recovered
in the excrement, most livestock waste in Illinois can be
utilized as fertilizer by being applied to cropland or farm
woodlots (if available). Manure adds nutrients, improves
soil tilth, increases the soil's waterholding capacity, lessens
wind and water erosion, increases aeration, and promotes
the growth of beneficial soil organisms.
The most widely accepted methods of collecting waste
have centered on the construction of holding ponds or la-
goons to contain runoff until the waste can be applied to
cropland. However, many drawbacks are inherent in such a
system: holding ponds must be emptied frequently in order
to maintain adequate reserve capacities; expensive pumping
and spreading equipment is necessary; and the potential
danger of storms exists (because a major storm could fill a
lagoon beyond its capacity).
The purpose of this study is to examine the possibility
of using a forested watershed to dispose of feedlot runoff
by means of a simple gravity-flow system. To determine the
efficiency of such a vegetation cover in filtering and utiliz-
ing the added nutrients, one must examine the long-term
changes within the watershed and the changes in the drain-
age water quality. This report summarizes the effect of
feedlot effluent on the diversity of herbaceous plant species
in the forested watershed.
DESCRIPTION OF THE AREA
The study was conducted on a 0.7 hectare dry-site oak-
hickory forest located in the vicinity of the Dixon Springs
Agricultural Center in Pope County, Illinois (37° 26'N, 88°
40'W).
The climate of the area is continental in character, with
cold winters and hot summers (Page, 1949). July is the
warmest month of the year, with a mean temperature of
25.1 C, and January is the coldest, with a mean tempera-
ture of 2.8 C. The length of the growing season, defined as
the number of days between the date of the last killing
frost in the spring and the first one in the fall, is 180 to 200
days.
The area receives the most precipitation in Illinois, av-
eraging 119 cm/yr. (Arnold, 1980), the distribution of
which is relatively uniform throughout the year. However,
the highest monthly precipitation occurs between March
and May. September and October are the driest months. Of
the total annual precipitation, less than 10 percent falls as
snow, mostly in January (Arnold, 1980).
The area is located in the Shawnee Hills, which are part
of the Ozark Uplift. The northern boundary of the Shaw-
nee Hills marks the deepest penetration of glacial ice into
Illinois (Leighton et al., 1948). Soils have developed under
forest vegetation in varying depths of loess over residual
sandstone along with a smaller amount of limestone. Three
soil types are present in the study area: Grantsburg silt
loam, a typic fragiudalf; Wellston-Berks complex; and
Zainesville silt loam, a typic fragiudalf.
The Grantsburg series are light-colored soils developed
under forest vegetation on 2 to 4 percent of the slopes, in
less than 200 cm of loess deposited over sandstone resi-
duum or bedrock. These soils have the most highly-
developed fragipan of the soils in this area. Also, because of
considerable erosion, the fragipan is closer to the surface
than in other soils of the area. Depth to the fragipan ranges
from 60 to 75 cm in areas of uneroded soil and 25 to 45 cm
in areas of severely eroded soil.
The Wellston-Berks complex consists of light-colored
soils developed under forest vegetation on 12 to 18 percent
of the slopes. The soils in this complex generally have
slopes 60 to 120 meters long and are mainly 4 to 16 ha in
size. About 65 to 80 percent of each area is Wellston soil,
and about 20 to 35 percent is Berks soil. Berks soils are
located mostly on the lower parts of the slopes and along
small lateral drainageways, and Wellston soils are located on
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the remaining areas. The depth to material weathered from
sandstone or shale varies, as does also the amount of stoni-
ness.
The Zainesville series are light-colored soils developed
under forest vegetation on 7 to 12 percent of the slopes, in
less than 200 cm of loess deposited over bedrock. The soil
lies mostly in long, narrow areas around the rims of ridge-
tops or in oblong areas 2 to 6 ha in size. In about 10
percent of the areas, the soil is uneroded or only slightly
eroded, and the surface layer is more than 18 cm thick.
Fragipans are not as well developed and occur at a greater
depth than fragipans of the Grantsburg series. Runoff is
rapid, and the hazard of further erosion is severe.
The hardwood vegetation is part of the hill section of
the western Mesophytic forest region as defined by Braun
(1967). Dominant and co-dominant species include hickory
(Carya spp.), black oak (Quercus velutina Lam.), post oak
(Q. stellata Wang.), white oak (Q. alba L.), and white ash
(Fraxinus americana L.). The understory is dominated by
black cherry (Prunus serotina Ehrh.), eastern red cedar
(Juniperus virginiana L.), hickory (Carya spp.), oak
(Quercus spp.), and winged elm (Ulmus alata Michx.). Her-
baceous vegetation, which is conspicuous and generally
characteristic of the dry-site, oak-hickory forest, includes
Parthenocissus quinquefolia (L.) Planch., Rhus radicans L.,
and Symphoricarpos orbiculatus Moench.
METHODS AND MATERIALS
A concrete feedlot with a maximum capacity of 200
beef cattle was constructed in 1973 and began operation in
1977. Runoff from the effluent was applied to a woodlot
nearby. A diagram of the experimental design can be seen
in Zimmerman, Rolfe, and Arnold (1974).
A permanent grid system was established in the forest in
1974, consisting of stakes at 15-meter intervals. These
points were located along north-south and east-west lines
and served to mark locations where samples and measure-
ments were taken. The forested watershed was partitioned
into three separate study sites: buffer, control, and treat-
ment.
Twenty-four permanent 0.004-ha plots were established
on the treatment zone in 1974, and six permanent 0.004-ha
plots were established on the control zone in 1979. The
centers were located 3 meters due northwest of each grid
point. All herbaceous plants, small perennials, and tree
seedlings were tallied and identified to species. The follow-
ing were ascertained: species diversity, dominance concen-
tration, evenness, and similarity.
Species diversity was determined by a modification of
the Shannon index of general diversity (Shannon and
Weaver, 1949) and is defined by the equation:
H' =-2 (NI/N) Log (NI/N)
or-£ PI Log PI
where H = index of diversity,
NI = importance value for each species,
N = total of importance values,
and PI = importance probability for each species =
NI/N.
Dominance concentration was determined from the
Simpson index (Simpson, 1949) and is defined by the
equation:
where
and
C = 2 (NI/N) 2
C = dominance concentration index,
NI = importance value for each species,
N = total of importance values.
Species evenness (Pielou, 1968) was determined by the
equation:
where
and
E = H / Log S
E = evenness index
H = Shannon index,
S = number of species.
The index of similarity (Sorenson, 1948) was determined
by the equation:
S = 2C/A+B
where S = index of similarity,
C = number of species common to both
communities,
A = number of species common to community A,
and B = number of species common to community B.
RESULTS AND DISCUSSION
The effects of feedlot effluent on the number of plant
species represented in the forest herbaceous layer is illu-
strated in Figure 1. Compared to the 1974 data that were
used as a control, the number of species increased at all
locations during the third year of effluent discharge (1979).
The number of plant species decreased slightly during the
fourth year of discharge (1980), but was still greater than
the pretreatment species population. This decrease in spe-
cies number reflects the moisture conditions during the
1980 growing season, which were below normal. The initial
decrease in plant species numbers occurred during the fifth
year of effluent discharge (1981), at the 7.5-meter distance.
At this distance, a total of six different plant species were
found. This decrease, when compared with pretreatment
(1974) and treatment (1979) data, is 50 and 63 percent
respectively. No harmful effects on plant species numbers
have been observed at distances greater than 7.5 meters.
Gordon and Gorham (1963) found similar gradient effects
when the number of plant species was reduced by air pollu-
tion.
Figures 2 and 3 illustrate the change in herbaceous plant
species numbers and populations, both of which increased
on the treatment zone during the five years of feedlot efflu-
ent runoff. The treatment zone also had more plant species
numbers and plant populations than the control zone.
These increases are probably due to the enhanced moisture
and nutrient status of the treatment zone.
The indices of diversity, dominance, evenness, and simi-
larity are summarized in Table 1. The mean Shannon index
of general diversity was significantly higher in the treatment
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Figure 1. Change in plant species diversity caused by feed-
lot effluent. With increasing exposure to feedlot
effluent, the numbers of plant species are re-
duced from an average of above 25 per sample to
6 per sample. Along the gradient the vegetation is
reduced from a mixture of dry-site, oak-hickory
herbaceous species to a meager cover of coral-
berry and winged elm.
plots than in the control plots, suggesting that feedlot efflu-
ent runoff increased the diversity of herbaceous plant spe-
cies. Means for dominance and evenness were not signifi-
cantly different in the treatment plots than in the control
plots. This fact suggests that feedlot effluent runoff did not
affect the dominance or distribution of the herbaceous
plant species of the community. All statistical analyses used
Duncan's multiple range test at °: = 0.05.
The index of similarity was employed to compare the
two communities. Data for pretreatment plots were com-
pared with data for treatment plots. The mean value of
0.31 indicates that 31 percent of the species found during
the treatment period were present during pretreatment. A
mean value of 0.58 was derived from comparing treatment
plots with control plots and indicated that 58 percent of
the species found on the treatment plots were present on
the control plots. The figures suggest that feedlot effluent
affected the similarity of species composition between
treatment and control periods.
Species counts show obvious changes in composition
during the five years of feedlot effluent runoff. Several spe-
cies that were predominant prior to effluent treatment were
reduced in number or disappeared completely. Species such
as Viola spp. and Galium spp., which had relative fre-
quencies of 12.5 and 29.2 percent in 1974, respectively,
had relative frequencies of 8.3 percent in 1981. Other spe-
cies, such as Tradescantia spp., Pycanthemum tenuifolium
Michx., Prunella vulgaris L., Danthonia spicata (L.) Beauv.,
Hazelnut (Corylus americana L.), and Clitoria mariana L.
disappeared from the treatment plots, while several other
species that were not predominant or present prior to treat-
ment became established. Species such as Phytolacca ameri-
Figure 2. A comparison of the average plant population per
plot shows the largest plant population to be on
treated plots.
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Figure 3. A comparison of average plant species per plot
suggests a leveling of plant species for both treat-
ment and control, with treatment plots having
the greatest number of species present.
cana L., Rhus radicans L., and winged elm (Ulmus alata
Michx.) had relative frequencies in 1974 of 4.2, 8.3, and
33.3 percent, respectively, which increased to 37.5, 75.0,
and 50.0 percent in 1981, respectively. Brister and Schultz
(1981) found similar regeneration patterns for P. americana
after treatment with municipal sludge. They concluded that
P. americana was taking advantage of the increased mois-
ture conditions. Species not present prior to effluent dis-
charge, but which later became established, were Sanicula
trifoliata Bickn., Commelina virginica L., Hordeum jubatum
L., and Acalypha virginica L. ; they had relative frequencies
of 41.7, 4.2, 8.3, and 29.2 percent, respectively.
-4-
Table 1. Indices for the Diversity of Woodland Watershed Herbaceous Species
General diversity Dominance Evenness Similarity
(Shannon and (Simpson, (Pielou, (Sorenson,
Year Month Treatment Weaver, 1949) 1949) 1968) 1948)
1974 August none 3.1 0.06 2.0 • ••
1974 August control • *• ... ... ...
1979 June effluent 3.8 a 0.05 a 2.2 a 0.30
1979 June control 2.9 b 0.05 a 2.2 a 0.57
1980 July effluent 3.1 b 0.06 a 2.0 a 0.31
1980 July control 2.8 b 0.07 a 2.2 a 0.58
1981 a May effluent 3.3 b 0.05 a 2.0 a 0.33
1981 a May control 3.1 b 0.06 a 2.1 a 0.61
1981 b August effluent 3.3 a 0.05 a 2.0 a 0.30
1981 b August control 2.8 b 0.07 a 2.2 a 0.58
Means with the same letter are not significantly different (^ = 0.05).
CONCLUSION AND SUMMARY
The introduction of feedlot effluent runoff into a
dry-site, oak-hickory forest had a substantial effect on the
population and diversity of herbaceous plant species. A gra-
dient from a favorable environment (>7.5m from the
source of effluent discharge) to an extreme environment
(<7.5m from the source of effluent discharge) was seen.
Movement along the gradient toward increasingly extreme
conditions shows a stepping down of community structure
and a reduction of stratal differentiation.
A pattern of succession was associated with the input of
feedlot effluent. The effects appeared first in the native
dry-site species susceptible to fluctuations in moisture,
which declined as moisture increased. Meanwhile, other spe-
cies more tolerant of increased moisture conditions were
relieved of competition and expanded their coverage. Con-
tinued effluent treatment ameliorated the site to such mois-
ture levels that species not part of the native community
appeared. Then, as the effects of effluent accumulated, tox-
ic conditions appeared. Soil moisture and nutrient levels
became unfavorable for plant growth and establishment. At
these toxic levels few species were able to survive, and plant
cover decreased.
Many indices of diversity were used to detect differ-
ences caused by feedlot effluent runoff. Species diversity
increased significantly while evenness and dominance were
unchanged. The similarity of the composition of plant spe-
cies was changed as a result of feedlot effluent runoff.
In summary, the application of feedlot effluent at the
rates used in this study has not exceeded the filtering capa-
city of the ecosystem. A few plots show toxic conditions
(29 percent), while a majority show enhancement (61 per-
cent). The overall result was an increase of ground vegeta-
tion cover, which acted as the "biological filter" espoused
by Sopper and Kardos (1974).
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A STUDY OF LIQUID LIVESTOCK WASTE DISPOSAL ON A FORESTED WATERSHED IN
SOUTHERN, ILLINOIS: II. EFFECTS ON TREE SURVIVAL AND GROWTH
R.II. Pinkowski, G.L. Rolfe, and L.E. Arnold
Forest fertilization is a popular topic for forest land
managers when they discuss methods of increasing forest
productivity. A fertilizer often overlooked is that recovered
from feedlot effluent. Despite the variation in animals and
types of feed, the following nutrients are found in approxi-
mately these percentages in animal excrement: nitrogen,
75; phosphorus, 80; potassium, 90; and organic matter, 50
(Tisdale and Nelson, 1975). Besides adding nutrients to the
soil, manure improves soil tilth, increases the soil's water-
holding capacity, lessens wind and water erosion, increases
aeration, and promotes the growth of beneficial soil or-
ganisms (Free, 1949; Mazurak, Cosper, and Rhoades, 1955;
Guttay, Cook, and Frickson, 1956; Salter, Berry, and
Williams, 1967). However, recent work with large applica-
tions of manure indicates that high amounts of monovalent
cations found in manure could cause the physical condition
of the soil to deteriorate (Mathers and Stewart, 1971;
Travis et al., 1971).
The purpose of this study is to examine the feasibility
of utilizing an oak-hickory forested watershed to dispose of
feedlot effluent runoff by means of a simple gravity-flow
system. To determine the efficiency of such a vegetation
cover in filtering and utilizing the added nutrients, one
must focus on long-term changes within the watershed and
in the drainage water quality. This report summarizes the
effect of feedlot effluent runoff on the survival and growth
of certain tree species.
The study was conducted on a 0.7 hectare dry-site,
oak-hickory forest located in the vicinity of the Dixon
Springs Agricultural Center in Pope County, Illinois
(88°40'W, 37°26'N). A detailed description of the area is
given in a study by Pinkowski, Rolfe, and Arnold (1982).
METHODS AND MATERIALS
A concrete feedlot with a maximum capacity of 200
beef cattle was constructed in 1973 and began operation in
197 7. Runoff from this feedlot was applied to a woodlot
nearby. A diagram of the experimental design can be seen
in the research report of Zimmerman, Rolfe, and Arnold
(1974).
Ninety-two trees were selected for study, representing a
cross-section of the woodlot. Seventy-two trees of the fol-
lowing species were selected from the treatment zone: Acer
saccharum L., Carya spp., Fraxinus americana, Juniperus
virginiana, Quercus alba, Quercus stellata, Quercus velutina,
and Ulmus alata. Ten trees were selected from the buffer
and control zones, including Carya spp., Q. alba, Q. stcllata,
and U. alata. Volume growth was determined from meas-
urements of dbh and height. With the use of pruning shears,
leaf and twig samples for chemical analysis were obtained
to a height of ten meters.
Concentrations of Na, K, Ca, Mg, and Ortho-P in plant
tissue were determined by ashing and dissolving it in 1 N
nitric acid. Ortho-P was determined with a single solution
technique (Murphy and Riley, 1962), and Na, K, Ca, and
Mg were measured by atomic absorption spectrophoto-
metry (Fdiger, 1973). Nitrate-nitrogen was determined by a
modification of the Nelson, Kurtz, and Bray method
(Woolley et al., 1960). All statistical analyses used Duncan's
multiple range test at oc=0.05.
DISCUSSION AND RESULTS
The survival rates of selected tree species on effluent,
control, and buffer plots were 73.6, 90.0, and 100.0 per-
cent, respectively (Figure 1). These rates suggest that feed-
lot effluent runoff reduced the survival of tree species on
the effluent plots, whereas tree species on plots receiving no
feedlot effluent showed better survival. Sopper and Kardos
(1974) found similar survival rates for hardwood species
after irrigation with sewage effluent. Percent survival de-
creased at all locations less than 45 meters from the source
of effluent discharge (Figure 2). Trees at distances of 7.5m
and 15m from the source of effluent discharge showed the
greatest mortality: 47.4 and 21.4 percent, respectively.
Tree species that died within these distances were Q.
velutina, Q. stellata, Carya spp., and /. virginiana, species
that are important dominants and co-dominants of the
dry-site, oak-hickory forest. The input of feedlot effluent
runoff changed the moisture and nutrient status of the site
and affected these species because they cannot tolerate in-
creased moisture. Anaerobic conditions may follow from
increased moisture, causing CO2 to increase and O2 to de-
crease at tree-rooting depths. Furthermore, anaerobic con-
ditions may reduce root elongation and nutrient uptake,
leading eventually to tree mortality. Wilde (1958) stated
that tree survival could be affected by the decomposition of
Richard II. Pinkowski is Research Assistant, Gary L. Rolfe is Professor, and Lester E. Arnold is Forester, Department of
Forestry, University of Illinois at Urbana-Champaign. This study was supported in part by the Illinois Agricultural Experi-
ment Station, Hatch Project 55-344.
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Figure 2. Survival of sample trees as affected by feedlot effluent
runoff.
animal manures that release ammonia in an injuriously high
concentration, and that the process was enhanced by high
temperatures and an abundant supply of soil moisture.
However, an important feature of the survival data is that
A. saccharum, F. americana, Q. alba, and U. alata, species
that are important dominants of moist sites, showed 100
percent survival. In addition, moist sites lead to a maple-ash
climax forest.
The growth response of tree species sampled on efflu-
ent, control, and buffer plots is summarized in Table 1. The
response of annual volume growth to feedlot effluent was
greatest for A. saccharum, F. americana, and Q. alba. Ward
and Bowersox (1970) found that Q. alba had a five-year
volume increment of 46 percent when fertilized with N, P,
and Ca, which is comparable to the five-year volume incre-
ment of 41 percent attained during this study. Carya spp.,
/. virginiana, Q. stellata, and U. alata showed little or no
response, while Q. velutina responded negatively to feedlot
effluent runoff. A similar negative growth response to re-
petitive annual N-P-K. additions was reported for 20-year
old slash pine (Broerman, 1968).
Feedlot effluent runoff appeared to increase the
number of tree seedlings in the forest's herbaceous layer
(Figure 3). Compared with 1974, which was used as a con-
trol, the number of seedlings increased until 1980 at all
locations through the four years of effluent discharge. The
initial decrease of seedlings occurred during the fifth year
of treatment at distances of less than 30 meters from the
source of discharge. Feedlot effluent runoff also affected
the composition of regenerating species (Figure 4). The
number of such species varied during the treatment years
(1979-1980), but by the fifth year (1981) of effluent dis-
charge, fewer species were found at distances of less than
60 meters from the source of effluent discharge. The de-
crease in numbers of regenerating species and seedlings may
have been caused by the increase of a herbaceous plant
cover (Pinkowski et al., 1981), which caused tree seedlings
and herbaceous plants to compete for light, moisture, and
nutrients.
Species counts show obvious changes in composition
during the five years of feedlot effluent runoff. Several
species that were predominant prior to effluent treatment
decreased in number or disappeared completely. Species,
such as Carya spp. and Sassafras albidum (Nutt.) Nees,
which had relative frequencies of 66.7 and 16.7 percent in
1974, were reduced to 16.9 and 4.3 percent in 1981, re-
spectively. Other species, such as Cercis canadensis L.,
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Tabic 1. Volume Growth of Selected Tree Species on a Woodlot
Mean Percent-
annual age of
Mean Stan- Mean Stan- volume change
Treat- Sampl e volume
(m 3 )
dard volume dard growth in
Species ment size error (m 3 ) error (m
3
) volume
effluent
1974
1
1981
1
1974 1981
0.010A. saccharum 0.17 ... 0.24 41.2
Carya spp. effluent 27 21 0.49 0.168 0.5 7 0.230 0.011 14.6
control 4 4 0.11 0.048 0.13 0.047 0.003 18.2
buffer 6 6 0.41 0.110 0.49 0.132 0.011 19.5
F. americana effluent 2 2 1.44 0.161 2.34 0.041 0.129 54.7
]. virginiana effluent 5 3 0.24 0.040 0.26 0.014 0.003 9.2
Q. alba effluent 1 1 2.53 ... 3.56 ... 0.147 40.7
control 1 1 0.27 ... 0.30 0.004 11.1
Q. stcllata effluent 21 1") 1.34 0.278 2.11 0.476 0.110 57.6
control 4 3 1.45 0.740 2.20 0.855 0.107 57.5
buffer 3 3 2.62 0.884 2.86 0.943 0.034 9.2
Q. velutina effluent 5 2 4.34 1.634 1.78 0.758 -0.366 -59.1
V. a lata effluent 9 6 0.16 0.065 0.16 0.109 0.000 0.0
control 1 1 0.35 ... 0.43 ... 0.011 22.9
buffer 1 1 0.15 ... 0.11 ... -0.040
-26.7
All species effluent 72 51 0.98 0.196 1.05 0.203 0.01 7.1
control 10 10 0.69 0.418 0.87 0.451 0.03 26.1
buffer 10 9 1.05 0.342 1.16 0.416 0.02 10.5
Corylus americana L., and Diuspyrus virginiana L., com-
pletely disappeared from the treatment plots, while several
other species that were not predominant or present prior to
treatment became established. Species such as/, virginiana,
Primus serotina Ehrh., Quercus spp., and LI. alata, which
had relative frequencies of 12.5, 37.5, 33.3, and 33.3 per-
cent, respectively, in 1974, increased to 33.9, 62.5, 66.7,
and 50.0 percent in 1981, respectively. Species not present
prior to effluent discharge, but which later became
established—Morns spp., /*'. amcrica7ia, and A. saccharum —
had relative frequencies of 4.2, 54.2, and 8.3 percent, re-
spectively.
The average chemical content of leaf and twig samples
showed a variable response to feedlot effluent (Tables 2-4).
Leaf sample means for all species show significant decreases
in potassium and calcium concentration, while magnesium
was unchanged. Twig sample means for all species show a
significant increase for potassium concentration; calcium
concentration decreased significantly, and magnesium con-
centration was unchanged.
The native dry-site, oak-hickory species (J. virginiana,
Q. velutina, Q. stellata, and Q. alba) showed overall de-
creases in nutrient concentration. Species that showed over-
all increases were A. saccharum and F. americana. The dif-
ferences in nutrient composition may be attributed to the
natural habitat of these species. A. saccharum and F.
americana are moist-site species and are, possibly, utilizing
the moisture and nutrients applied in the feedlot effluent.
CONCLUSION AND SUMMARY
The introduction of feedlot effluent runoff into a
dry-site, oak-hickory forest had a substantial effect on the
survival, regeneration, and volume growth of tree species. A
gradient from a favorable environment (>30m from the
source of effluent discharge) to an extreme environment
(<30m from source of effluent discharge) was observed.
A pattern of succession can, therefore, be associated
with the input of feedlot effluent. The effects appear first
in the native dry-site species, which being susceptible to
fluctuations in moisture, decline as moisture increases.
Meanwhile, other species, more tolerant of increased mois-
ture conditions, are relieved of competition and therefore
expand their coverage. Continued effluent treatment amel-
iorated the site to such moisture levels that species not part
of the native community appeared. The cumulative effects
of effluent resulted in toxic conditions. Soil moisture and
nutrient levels became unfavorable for tree growth and the
establishment of seedlings. At these toxic levels, therefore,
few species are able to survive, and tree cover decreases.
Little et al. (1959) found similar changes in woodland vege-
tation after spraying large amounts of waste water.
In summary, then, one can conclude that beef cattle
manure has a substantial impact on forest land. Thus the
application of feedlot effluent runoff at rates used in this
study is changing the composition of the native community
from a dry-site, oak-hickory to a moist-site, maple-ash.
Table 2. Average Chemical Composition of Leaf Samples from Tree Species in the Treatment Zone 1*
Number of
Species Year Na K Ca Mg po4 no 3 trees sampled
Percentage of dry weight
Acer saccharum 1975 ... 0.76 1.18 0.27 ... ... 1
1981 0.05 0.48 1.49 0.32 0.11 0.01 1
Carya spp. 1975 ... 1.29a 2.18a 0.50a ... ... 25
1981 0.10 1.05b 1.18b 0.49a 0.11 0.01 21
Fraxinus americana 1975 ... 1.47a 1.11a 0.35b ... ... 2
1981 0.06 1.08b 1.11a 0.54a 0.11 0.04 2
Juniperus virginiana 1975 0.87a 2.09a 0.21a ... ... 4
1981 0.07 0.92a 1.14b 0.21a 0.10 0.01 3
Quercus alba 1975 0.95 1.78 0.18 ... ... 1
1981 0.05 1.08 0.60 0.10 0.12 0.01 1
Quercus stellata 1975 1.30a 1.05a 0.18a ... ... 21
1981 0.08 0.97b 0.92b 0.19a 0.11 0.01 14
Qucrcus velutina 1975 ... 1.15a 0.97a 0.25a ... ... 5
1981 0.07 0.96b 0.70b 0.15b 0.10 trace 2
Ulmus alata 1975 1.23a 1.38a 0.25a ... 10
1981 0.07 1.05b 1.13b 0.24a 0.11 0.01 10
All species 1975 1.24a 1.60a 0.32a ... ... 69
1981 0.08 1.01b 1.07b 0.33a 0.11 0.01 54
Table 3. Average Chemical Content of Twig Samples from Tree Species in the Treatment Zone*
Species Year Na K Ca
Number of
Mg P04 N0 3 trees sampled
Acer saccharum
Carya spp.
Fraxinus americana
Juniperus virginiana
Quercus alba
Quercus stellata
Quercus velutina
Ulmus alata
All species
Percentage of dry weigh 1
1975 0.30 1.09 0.08 ...
1981 0.10 0.43 1.46 0.29 0.10
1975 0.30b 1.79a 0.17a ...
1981 0.08 0.77a 1.41b 0.31a 0.10
1975 ... 0.49a 0.65a 0.11a ...
1981 0.06 0.83a 1.24a 0.30a 0.08
1975 ... 0.18a 2.15a 0.05a ...
1981 0.07 0.39a 1.54b 0.08a 0.07
1975 0.25 1.62 0.06 ...
1981 0.06 0.5 7 1.63 0.04 0.08
1975 ... 0.50a 1.67a 0.11a ...
1981 0.14 0.77a 1.20a 0.15a 0.08
1975 ... 0.37b 1.43a 0.09a ...
1981 0.06 0.69a 0.96b 0.11a 0.09
1975 ... 0.34b 1.48a 0.08a ...
1981 0.07 0.88a 1.01a 0.19a 0.11
1975 ... 0.37b 1.66a 0.12b ...
1981 0.09 0.76a 1.27b 0.22a 0.09
trace
0.01
trace
0.01
trace
0.01
0.01
0.01
0.01
1
1
25
21
2
2
4
3
1
1
21
14
5
2
10
10
69
54
,
* Collected in 1975 and
Means followed by the
1981. 1975—two years prior to effluent discharge; 1981— fifth year of effluent discharge,
same letter are not significant (^-Q.Qb).
Table 4. Standard Error of Mean for Leaf and Twig Tissue
Species N
Carya spp.
Fraxinus amcricana
Juniperus virginiana
Quercus stellata
Quercus velutina
Uhnus alata
24
24
21
21
2
2
2
2
5
5
3
3
20
20
14
14
4
4
2
2
7
7
10
10
Year Component
1975 leaf
1975 twig
1981 leaf
1981 twig
1975 leaf
1975 twig
1981 leaf
1981 twig
1975 leaf
1975 twig
1981 leaf
1981 twig
1975 leaf
1975 twig
1981 leaf
1981 twig
1975 leaf
1975 twig
1981 leaf
1981 twig
1975 leaf
1975 twig
1981 leaf
1981 twig
Na K Ca Mg PO, NO,
0.011
0.005
0.002
0.007
0.006
0.006
0.006
0.060
0.005
0.002
0.006
0.005
0.038
0.023
0.033
0.070
0.197
0.071
0.184
0.432
0.053
0.022
0.083
0.047
0.033
0.030
0.063
0.050
0.113
0.069
0.075
0.246
0.082
0.011
0.083
0.097
0.077
0.094
0.045
0.075
0.204
0.106
0.191
0.532
0.155
0.105
0.088
0.224
0.071
0.093
0.095
0.068
0.065
0.110
0.119
0.230
0.113
0.232
0.088
0.114
0.021
0.013
0.039
0.027
0.085
0.021
0.072
0.005
0.008
0.006
0.037
0.011
0.009
0.006
0.016
0.019
0.047
0.010
0.058
0.024
0.015
0.004
0.038
0.034
0.004
0.010
0.032
0.034
0.009
0.005
0.004
0.005
0.012
0.028
0.009
0.009
0.002
0.003
0.032
0.001
0.003
0.007
0.001
0.002
0.003
0.010
0.003
0.002
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III. EFFECTS ON WATER QUALITY AND QUANTITY
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Many dams, reservoirs, and ponds have been con-
structed in southern Illinois because of the area's limited
groundwater resources, and many residents are concerned
about the water quality of these surface water impound-
ments. In 1973 Baker and Stone monitored the water qual-
ity of five ponds and of Lake Glendale at the Dixon Springs
Agricultural Center in southern Illinois. Their results indi-
cated that ponds located on forested watersheds yield
cleaner water than ponds located on pasture, cultivated, or
feedlot watersheds.
This study examined the feasibility of disposing of feed-
lot runoff by moving it through a forested watershed with a
simple gravity-flow system. To determine the efficiency of
this type of vegetation cover in filtering and using the nutri-
ents contributed by the runoff, the study paid special atten-
tion to long-term changes within the watershed (Pinkowski
et al., 1982a, 1982b), as well as to changes in the quality of
the drainage water (Pinkowski et al., 1981).
The study was conducted on a 0.7-hectare, dry site,
oak-hickory forest located near the Dixon Springs Agricul-
tural Center in Pope County, Illinois. A detailed description
of the study area is found in Pinkowski et al. (1982a).
METHODS AND MATERIALS
A concrete feedlot with a maximum capacity of 200
beef cattle was constructed in 1973 and began operating in
1977. Runoff from the feedlot was applied to a nearby
woodlot. A diagram of the experimental design is shown in
Zimmerman et al. (1974).
In 1973 two water-sampling stations were installed on
the forested watershed before the installation of the feed-
lot. One station was installed at the top of the watershed to
measure and sample runoff flow from the feedlot to the
watershed; the other sampling station was installed at the
bottom of the watershed to sample and measure surface
and subsurface flow from the watershed before the flow
entered a pond. Each sampling unit consisted of a com-
pound V-notch weir, a catch basin from which samples
were taken, and a sampling unit that sampled at a rate
proportional to input flow. The sampler was activated by
water flowing over the weir. It collected 1-liter samples at
45-minute intervals for the first nine samples and thereafter
at 90-minute intervals (Arnold, 1975). The timing sequence
was based on the assumption that nutrient concentrations
become stable several hours after flow begins and so require
less frequent sampling. The water level recorder was modi-
fied to record when each sample was taken.
Because the soils on this watershed are either shallow to
bedrock or contain fragipans, accurate subsurface flow
measurements were possible with a minimum of water loss
before measurement. A subsurface sampler was installed
with the V-notch weir at the second water sampling station.
The sampler consisted of a sump pump, two discharge
pipes, a mechanical counter, a cumulative electrical timer, a
continuous recording unit, and a sample bucket.
Water samples were analyzed for the cations Na, K, Ca,
and Mg using a Perkin Elmer Model 360 atomic absorption
spectrophotometer (Ediger, 1973). The amount of available
P was determined by the single solution method described
by Murphy and Riley (1962). The amount of NO3-N was
determined by the phenoldisulfonic method (Black et al.,
1965).
Feedlot runoff samples were separated into liquids and
solids. Liquid samples were analyzed for concentrations of
Na, K, Ca, Mg, P04 , and N0 3 by the methods previously
mentioned. Solid samples were analyzed for concentrations
of Na, K, Ca, Mg, and P04 by ashing and dissolving in 1 N
nitric acid. Concentrations of Na, K, Ca, and Mg were deter-
mined by atomic absorption spectrophotometry, and the
concentration of P04 was determined by the single solution
method. The concentration of N0 3 -N was determined by a
modification of the Nelson, Kurtz, and Bray method
(Woolley et al., 1960). All statistical analyses used Duncan's
Multiple Range Test at a = 0.05.
RESULTS AND DISCUSSION
Stream Hydrology
The stream on the watershed was intermittent, with
flow occurring only when there was precipitation and when
the soil was sufficiently charged with moisture. Flow dura-
tions were as long as several weeks in the spring and as short
Richard H. Pinkowski is research assistant, Gary L. Rolfe is professor, and Lester E. Arnold is forester, Department of
Forestry, University of Illinois at Urbana-Champaign. This study was supported in part by the Illinois Agricultural
Experiment Station, Hatch Project 55-344.
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as a few hours in the summer. Flow volumes were greatest
in late winter and early spring and had tapered off by May.
Except for brief periods after intense summer storms, run-
off generally did not occur from June through October.
Annual flow volume increased on the watershed when-
ever the feedlot was operating (Table 1). Comparisons of
baseline (1975 and 1976) and treatment (1979 and 1980)
runoff volumes indicate that surface runoff increased and
subsurface runoff decreased during these periods. Compari-
sons were based on the annual precipitation. Runoff pat-
terns differed between 1975 and 1979, which were both
wet years and received approximately the same amounts of
rainfall (Table 1). Surface runoff increased in 1979 by 1.9
percent (or 2.6 cm), and subsurface runoff decreased by 1.8
percent (or 2.4 cm). The same pattern was observed for
1976 and 1980, two dry years of approximately the same
amount of rainfall (Table 1). Surface runoff increased in
1980 by 2.5 percent (or 2.0 cm), and subsurface runoff
decreased by 0.9 percent (or 0.9 cm). This increase in sur-
face runoff and decrease in subsurface runoff may have
been caused by the added feedlot effluent, which filled in
soil macro- and micro-pores and so decreased infiltration
and percolation lates. The decrease in subsurface flow may
also have been caused by the increased evapotranspiration
rates of the increased plant population (Pinkowski et al.,
1982a). In a study on similar soil types in southern Illinois,
horizontal flow increased and vertical flow decreased as the
distance from the effluent distribution line increased (Yang
et al., 1980). A study in Kansas showed that feedlot efflu-
ent with an electrical conductivity of 13.4 mmhos/cm
resulted in soil dispersion and decreased infiltration rates in
four soils (Travis et al., 1971).
Annual Nutrient Concentrations
Annual mean concentrations of nutrients in the feedlot
runoff during treatment (1977 to 1980) varied according to
the schedule of feeding treatments on the feedlot (Table 2).
The data reported here fall within the ranges reported in
the literature (Ward et al., 1978; Long, 1979; Young et al.,
1980). The contribution of different cations and anions to
feedlot effluent input was in the order of K>Ca
>Na>Mg>P04>N03 (Table 3).
Annual nutrient concentrations of surface and subsur-
face runoff from the forested watershed are summarized in
Table 4. During baseline years (1974 to 1976), annual
nutrient concentrations were consistent for Na, K, Mg, and
P04 ; only Ca and N0 3 showed significant differences.
Concentrations of K and Ca were higher than those re-
ported in a study conducted with similar topography and
vegetation (Brozka et al., 1981a), probably because the
higher Ca and K levels in the annual nutrient cycles resulted
in greater Ca and K loss. In a study on a similar Illinois
oak-hickory forest, the cation of greatest magnitude in
litterfall was Ca, and K exceeded Ca in throughfall and
stemflow (Rolfe et al., 1978). Values of Na and Mg were
consistently low. Concentrations of P were invariably low,
often too low to detect because of the extremely low con-
centration of available P in the soil. Concentrations of N0 3
were also low and varied slightly between years. The N0 3
budget was wholly dominated by input from rainfall (Table
5), which exceeded that found in the runoff.
All nutrients analyzed in the watershed runoff during
treatment (1977 to 1980) showed significant increases over
the study period; the highest concentrations were found in
recent years (Table 4). Nutrient loss of the different cations
and anions in the watershed runoff was in the order of
Ca>K>Na>N0 3>Mg>P04 (Table 4). Nutrient retention of
the different cations and anions by the watershed was in
the order of K>P04>Na>Ca=Mg (Table 6).
Potassium had the greatest retention since it is easily
taken up by plants and is bonded with soil colloids. The
large P04 retention can probably be attributed to reaction
with soil colloids and exchangeable cations. P04 exists in
the soil in several forms, including adsorbed to Ca, Al, and
Fe on the soil surface; chemosorbed with Ca, Al, and Fe as
a precipitate on soil surfaces; and as a discrete particle with
Ca, Al, and Fe. Similar retention rates for P (96.3 percent)
and K (95.7 percent) were reported during vegetative filter
treatment of livestock feedlot runoff (Dickey and Vander-
holm, 1981). Na was retained in lesser amounts than K,
probably because of its greater "ease of release" from soil
exchange sites (Bray, 1942). Ca and Mg were retained in
equal percentages. The large nutrient retention was prob-
ably due to uptake of basic cations by the increased herba-
ceous plant cover and by cation exchange with the clay
fraction of these soils. The baffle system associated with
the drainage pattern of the feedlot runoff also had an
important effect on the release of nutrients. Large quan-
tities of effluent were retained by the baffles and conse-
quently were released slowly during periods of rainfall and
snowmelt.
Table 1. Runoff Expressed as Percentage of Precipitation, 1975 to 1980
Runoff (percentage
Precipitation
(cm)
Runoff (cm) of precipitation)
Year Surface Subsurface Surface Subsurface
1975 139.7 28.7 6.7 20.6 4.8
1976 88.4 5.6 2.8 6.3 3.2
1977 115.7 10.5 2.1 9.1 1.8
1978 109.8 11.1 4.1 10.1 3.7
1979 139.5 31.4 4.2 22.5 3.0
1980 86.7 7.6 1.9 8.8 2.2
1
Baseline data from 1975 and 1976; effluent treatment data from 1977 to 1980.
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Table 2. Annual Chemical Properties of Feedlot Effluent During Treatment, 1977
to 1980
Component 1977 1978 1979 1980
Na,mg/£ 6,219 4,742 15,061 20,695
K,mg/£ 48,299 83,880 138,561 118,872
Ca,mg/jl 5,067 12,163 25,530 17,575
Mg,mg/£ 2,314 3,506 6,903 5,171
P0 4) mg/Sl 1,373 1,118 622 754
N0 3,mg/jl 8 75 38 31
PH 6.69 6.87 6.67 6.03
Conductivity, 5,209 3,327 6,548 6,204
mmhos/cm
Ash, % 19.9 20.0 18.4 12.1
Solids, % 10.7 1.0 1.0 0.7
The watershed signficantly decreased all nutrient con-
centrations in the feedlot runoff except for concentrations
of NO3-N. The amount of N0 3 in the runoff increased
significandy, probably because of nitrification of NH4 to
NO3 and subsequent leaching of NO3. During the fourth
year (1980) of effluent treatment, concentrations of NO3
in surface and subsurface flow increased above drinking
water standards (U.S. Public Health Service. 1962). Similar
increases of NO3 (150 percent) were observed during vege-
tative soil filtering of dairy liquid waste (Yang et al., 1980).
The increases of NO3 and PO4 in the runoff caused several
algal blooms in the pond at the bottom of the watershed.
These blooms lowered oxygen levels and resulted in an
observed fish kill in the summer of 1980.
Annual pH, Turbidity, and Conductivity
Mean annual pH, turbidity, and conductivity of surface
and subsurface runoff for the study period (1974 to 1980)
are summarized in Table 7. The mean surface runoff pH
values of 6.28 for baseline years and of 5.72 for treatment
years were significandy different. The baseline and treat-
ment pH values for subsurface runoff were also significantly
different (6.29 and 6.16, respectively). The decrease in pH
may be caused by several interacting factors. Formation of
complex organic and inorganic acids from the decomposi-
tion of feedlot effluent lowers pH. In addition, the rainfall
of the area has a mean pH of 4.35. Uptake of basic cations
by trees and herbaceous plants and leaching of bases
through the soil profile both promote acidic conditions.
Finally, nitrification of NH4 to NO3 lowers the pH by
releasing H+.
Mean monthly pH values for baseline and treatment
periods showed great variability (Figure 1). During the base-
line period, pH values for surface and subsurface runoff
were very consistent. The pH decreased during the growing
season and increased during the dormant season as a result
of the uptake and release of basic cations during the annual
nutrient cycle. Mean monthly pH values for treatment
periods showed a greater variability and a wider range for
both surface and subsurface flow, probably because of the
feedlot effluent runoff.
Turbidity, a measure of total suspended solids, in-
creased significandy, from baseline means of 12.6 and 9.6
nephelometric turbidity units (NTU) for surface and sub-
surface runoff, respectively, to treatment means of 27.4
and 12.8 NTU. The increased turbidity was due to the
input of feedlot effluent onto the site. Turbidity measure-
ments of feedlot effluent runoff were above the scale on
the turbidity meter. Mean annual turbidity of the surface
and subsurface runoff decreased during 1979 and 1980,
possibly because the increased herbaceous plant cover was
acting as a "biological filter."
Mean monthly turbidity increased during the treatment
as a result of feedlot effluent runoff (Figure 2). Baseline
turbidity rarely reached 20 NTU, while peaks over 80 NTU
were observed during treatment.
Conductivity, a measure of total dissolved solids, fol-
lowed the same pattern as turbidity. Mean baseline conduc-
tivity levels of 98.1 and 113.9 mmhos/cm for surface and
subsurface runoff, respectively, and mean treatment con-
ductivity levels of 356.5 and 229.0 mmhos/cm, were signifi-
candy different.
Mean monthly conductivity levels increased during
treatment (Figure 3). Baseline conductivity rarely reached
150 mmhos/cm, but peaks of 800, 1,000, and 1,300
mmhos/cm were observed during treatment. The increased
conductivity was a result of feedlot effluent runoff, which
had a four-year mean of 5,322 mmhos/cm. Filtering the
feedlot effluent through the watershed significantly de-
creased conductivity.
Table 3. Annual Input of Nutrients from Cattle Feedlot
Effluent During Treatment, 1977 to 1980 (mt
ha"
1
yr"
1
)
Component 1977 1978 1979 1980
Na 0.679 2.082 3.731 3.224
K 5.207 40.461 33.765 18.658
Ca 0.606 5.076 18.850 2.808
Mg 0.287 1.639 1.813 0.832
P04 0.201 0.526 0.164 0.118
N03 0.001 0.010 0.010 0.005
Volume (m ) 150 467 261 166
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Table 4. Annual Nutrient Concentration of Surface and Subsurface Runoff, 1974 to 1980 (mg/J^)
1
Number of
Year samples Na K Ca Mg po4 N0 3
Surface runoff
1974 16 1.95d2 4.07d 19.12c 4.20c 0.01c O.Ole
(0.058) 3 (0.241) (0.369) (0.096) (0.002) (0.000)
1975 158 1.73d 4.20d 14.97d 4.10c 0.01c 0.85d
(0.048) (0.089) (0.368) (0.075) (0.002) (0.085)
1976 85 1.90d 3.01d 13.62d 3.93c 0.03c 0.94d
(0.068) (0.096) (0.464) (0.133) (0.004) (0.081)
1977 57 15.24b 22.84b 27.20b 8.28b 0.62b 3.69c
(4.201) (6.899) (4.585) (1.334) (0.240) (0.780)
1978 63 6.89c 8.12c 28.91b 10.30b 0.84b 6.67c
(0.615) (1.065) (2.932) (1.028) (0.213) (0.497)
1979 103 17.69b 26.12b 26.79b 9.52b 0.65b 14.89b
(2.628) (4.013) (2.076) (0.856) (0.056) (1.121)
1980 54 38.71a 44.04a 54.50a 19.48a 1.63a 22.84a
(5.884) (8.200) (7.261) (3.942) (0.291) (2.334)
Subsurface runoff
1974 32 2.27e 3.32d 16.57c 5.02d 0.01c O.Olf
(0.038) (0.124) (0.532) (0.058) (0.002) (0.001)
1975 55 2.38e 3.15d 16.22c 4.97d 0.02c 0.28e
(0.118) (0.105) (0.704) (0.114) (0.007) (0.068)
1976 54 2.70d 2.15e 13.81d 4.82d 0.02c 0.33e
(0.104) (0.052) (0.524) (0.145) (0.003) (0.047)
1977 49 4.89c 5.61c 18.02b 6.01c 0.14b 2.57d
(0.791) (0.985) (1.576) (0.523) (0.054) (0.592)
1978 55 5.43c 3.55d 18.02b 7.09c 0.10b 3.69c
(0.312) (0.306) (1.137) (0.329) (0.027) (0.304)
1979 50 12.46b 10.79a 18.99b 8.31b 0.23a 5.46b
(2.844) (3.009) (3.283) (1.509) (0.062) (1.078)
1980 56 19.81a 8.55b 29.90a 10.68a 0.14b 10.24a
(2.177) (1.450) (3.876) (0.896) (0.034) (1.801)
iBaseline data from 1974 to 1976; effluent
2Means followed by the same letter are not
^Standard error.
treatment data from 1977 to 1980.
significantly different (a = 0.05).
Annual Nutrient Budget
Annual outputs of nutrients for this watershed (Boaz
Woodland Watershed, or BWW), and three watersheds on
similar soil types are shown in Table 8. Values are
extremely variable between years and watersheds, primarily
because of variations in streamflow, vegetation, and man-
agement practice. Important differences occurred among
nutrient losses for the feedlot watershed, a pine thinning
(Cate Pine Watershed, or CPW), and a hardwood clearcut
(East Hardwood Watershed, or EHW). Output of nutrients
from the feedlot watershed was greater than outputs from
the pine thinning and hardwood clearcut, indicating that
some forestry practices do not impair water quality as
much as agricultural practices. Table 8 also shows mean
annual inputs for Na, K, Ca, P04 ,Mg,N0 3 , and total-N.
These inputs include the feedlot effluent used in this study,
as well as precipitation, throughfall, and stemflow from
data reported by Rolfe et al. (1978). When comparisons of
inputs to outputs on the feedlot watershed were examined,
net gains of Na, K, Ca, Mg, and P04 were observed during
treatment. The only available data for N input in stemflow
and throughfall was for total-N. Researchers have estimated
that the amount of total-N in the form of N0 3 is between
15 percent and 50 percent (Reiners, 1972; Verry and Tim-
mons, 1977; and Nihlgard, 1970). The lowest loss of
Table 5. Precipitation Chemistry and Deposition for Dixon
Springs Agricultural Center, March 1, 1979, to
April 30, 1980 1
Mean Annual
concentration deposition
Component (mg/i>) (Kg/ha)
Na 0.19 1.19
K 0.06 0.26
Ca 0.29 2.73
Mg 0.04 0.34
po4 0.02 0.50
N0 3 1.34 15.26
Data from National Atmospheric Deposition Program
Data Reports 2(1-4) and 3(1-2).
Table 6. Annual Nutrient Retention and Loss
Treatment Period, 1977 to 1980
for
Component 1977 1978 1979
% retention
1980
Na 98.6 99.5 99.2 99.3
K 99.7 99.9 99.9 99.9
Ca 96.1 99.3 99.6 98.6
Mg 97.3 99.2 98.8 98.6
po4 99.9 99.8 98.9
%loss
99.0
N0 3 363.4 117.8 381.7 241.5
N0 3 — 10.4 percent of the total input of N-occurred during
the first year of effluent treatment. The loss of N0 3 for the
remaining three years averaged 71.9 percent of the total N
input, resulting in an overall loss of NO3 during treatment.
CONCLUSIONS AND SUMMARY
A southern Illinois watershed forested with oak and
hickory was heavily treated with cattle feedlot effluent at
a
an average rate of 261.1 M /ha/yr during 1977 through
1980. Drainage water quantity increased by 2.2 percent for
surface flow and decreased by 1.3 percent for subsurface
flow.
Over the four-year period, an average of 99.8 percent of
the added K, 99.4 percent of the P04 , 99.2 percent of the
Na, and 98.4 percent of the Ca and Mg were retained by the
watershed. Yang (1980) reported similar results for P04 .
NO3 was the only nutrient that showed a net loss during
the study period, averaging 276.1 percent of the added
N0 3 in the feedlot effluent runoff.
Even though large percentages of nutrients were re-
tained by the watershed, the drainage water quality deteri-
orated during the feedlot operation. Concentrations of all
nutrients in the drainage water increased significantly dur-
ing treatment. Runoff turbidity and conductivity increased
significantly, and pH decreased significantly.
In summary, the feedlot effluent at the rates applied
during this study has exceeded the filtering capacity of the
watershed, resulting in runoff water that is below drinking
water standards and accelerated eutrophication of the pond
at the bottom of the watershed.
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Table 7. Annual Turbidity, pH, and Conductivity of Surface and Subsurface Runoff, 1974 to 1980 1
Number .
of Turbidity Conductivity
Year samples (NTU) 2 PH (mmhos/cm)
1974 19
1975 216
1976 103
1977 59
1978 80
1979 116
1980 45
35
1975 55
1976 56
1977 50
1978 54
1979 62
1980 49
Surface runoff
9.66c 6.26b
(1.696) (0.141)
14.84b 6.37a
(0.965) (0.014)
13.21b 6.22b
(1.351) (0.013)
48.38a 5.88c
(15.078) (0.036)
46.18a 5.93c
(9.978) (0.047)
6.39d 5.46e
(2.593) (0.046)
8.82c 5.60d
(2.190) (0.072)
Subsurface runoff
9.10d 6.27b
(0.916) (0.087)
11.46c 6.35a
(0.882) (0.034)
8.37d 6.25b
(1.293) (0.022)
14.41b 6.14c
(3.729) (0.033)
20.52a 6.14c
(5.534) (0.046)
10.24c 6.14c
(5.256) (0.066)
6.02e 6.23b
(2.550) (0.078)
90.20e
(7.758)
106.60d
(2.608)
97.38de
(3.735)
142.04c
(19.741)
337.45b
(30.785)
326.42b
(20.617)
620.24a
(118.886)
99.94e
(6.868)
125.20d
(6.389)
116.68d
(4.241)
176.66c
(17.896)
211.59b
(13.619)
275.47a
(38.410)
252.49a
(24.914)
baseline data from 1974 to 1976; effluent treatment data from 1977 to 1980.
^NTU = nephelometric turbidity units.
^Means followed by the same letter are not significantly different (a= 0.05).
^Standard error.
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Figure 1. Mean monthly pH for surface and subsurface runoff dur-
ing baseline and treatment periods.
Table 8. Annual Nutrient Budgets for Hardwood and Pine Watersheds in Southern Illinois, 1975 to 1980.
Year Watershed Na K Ca Mg PO4 NO 3 Source
Outputs (kgha'yr 1 )
1975 BWW 1 5.3 14.5 41.7 13.1 0.15 2.2 This study
1976 BWW 2.2 2.7 12.4 4.1 0.02 0.8 This study
1977 BWW 9.6 16.2 23.9 7.8 0.26 3.0 This study
CPW2 8.5 27.0 36.2 5.6 0.07 0.9 Brozka et al. 1981c
EHC 3 4.0 5.5 17.4 9.4 0.03 2.3 Brozka et al. 1981a
EHW4 6.2 10.1 47.9 13.7 0.11 2.8 Brozka et al. 1981a
1978 BWW 9.9 11.0 35.8 13.7 0.82 11.9 This study
CPW 5.8 10.5 34.2 6.9 0.07 0.9 Brozka et al. 1981c
EHC 11.2 6.9 35.9 19.3 0.03 0.9 Brozka et al. 1981a
EHW 2.6 2.8 19.7 4.8 0.01 1.3 Brozka et al. 1981a
1979 BWW 27.9 47.7 65.6 21.9 1.75 37.5 This study
CPW 11.4 16.4 60.6 14.0 0.16 1.5 Brozka et al. 1981c
EHC 6.8 5.7 23.2 13.2 0.58 2.0 Brozka et al., 1981b
EHW 2.7 4.2 19.9 6.3 0.05 1.5 Brozka et al., 1981b
1980 BWW 22.7 23.7 38.3 11.9 1.20 12.5 This study
CPW 5.9 7.6 31.0 6.5 0.04 0.8 Brozka et al. 1981c
EHC 2.9 1.2 7.5 4.5 0.02 0.8 Brozka et al., 1981b
EHW 1.8 2.8 13.9 3.9 0.02 3.7 Brozka et al., 1981b
Inputs (kg ha' yr~ )
Precipitation
Stemflow,
throughfall N.D. 5 51.4 39.5
Feedlot effluent (mt ha" 1 yr' 1 ) 2.4 24^ 6^8
6.7
1.1
2.3
0.2
22.
2
6
Rolfe et al., 1978
0.006 This study
iBWW = Boaz Woodland Watershed, an oak-hickory watershed treated with feedlot effluent, 1977 to 1980.
2CPW = Cate Pine Watershed, a shortleaf pine watershed thinned by 50 percent, fall 1979.
3EHC = East Hardwood Control, an oak-hickory control watershed.
4eHW = East Hardwood Watershed, an oak-hickory watershed clearcut November 1, 1979.
^N.D. = not determined.
6n input is total-N.
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Figure 2. Mean monthly turbidity (NTU) for surface and subsurface
runoff during baseline and treatment periods. Zero represents period
of no flow.
1600-
1400-
1200.
1000-
E
~g 800
| 600
400 J
200 1
-A Baseline surface
B Q Baseline subsurface
,*, Treatment surface
/ \ if if Treatment subsurface
1 1 1 1 1 T 1 1 T !
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
MONTH
Figure 3. Mean monthly conductivity (mmhos/cm) for surface and
subsurface runoff during baseline and treatment periods. Zero repre-
sents period of no flow.
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USERS OF AN URBAN NATURAL AREA: THEIR CHARACTERISTICS, USE PATTERNS,
SATISFACTIONS, AND RECOMMENDATIONS
Robert A. Young and Mary Lou Flowers
As energy costs rise rapidly, many Americans are chang-
ing their leisure and vacation preferences. Of necessity,
patterns of travel have been greatly affected by these
changes: vacation trips now tend to be shorter, and visits
are more concentrated around a single destination. Gone
are the days when it was practical for midwesterners to
spend a month driving to several of the major parks in the
West. These people are seeking new ways to satisfy their
recreational needs closer to home, and perhaps urban areas
can meet those needs.
Nowhere else in the United States will the demand for
urban recreation be as great as in the lower Great Lakes
metropolitan region. This heavily populated region does not
have the West's parks and mountains or the East's seashore
and forests to absorb much of the demand for outdoor
recreation. But this region does contain one of the oldest
and largest urban natural areas—the forest preserve district
of Cook County, Illinois. This natural area system of about
50,000 acres, along with several adjoining districts, serves
the 7 million residents of the greater Chicago metropolitan
area. The policy of the Cook County Forest Preserve Dis-
trict has been to retain 75 percent of its acreage in a natural
condition. It consequently offers its estimated 15 million
annual visitors an opportunity to enjoy nature in a variety
of settings.
Because of the present high rate of use (and a potential
for even greater use in the future), it is important that all
urban natural areas be managed efficiently in a manner that
protects the natural environment while meeting the needs
of the visitors. To meet these needs, managers must know
something about the visitors, their preferences, and their
use of the area. This report summarizes a study of the
visitors to the Cook County Forest Preserve District
(CCFPD). Findings from this study might be applied to
other forest preserves and natural-area parks in or near
urban centers.
In the summer of 1979, on-site interviews were con-
ducted in the CCFPD. Fifty-seven sites were randomly
selected to represent the various geographic regions, facility
types, landscapes, and users. Interviews were conducted at
all hours throughout the day on weekends and weekdays to
ensure a valid sample of all types of users. The on-site inter-
views resulted in 1,199 usable questionnaires. A longer mail
follow-up questionnaire, asking more detailed questions,
was sent to those interviewed, 998 of which were com-
pleted and returned. The following results are based on data
from both the on-site and mail questionnaires.
VISITS
Most visitors to the CCFPD are frequent users of the
facility (Table 1). Of those interviewed on-site, 84 percent
had previously visited that particular site. The average num-
ber of visits to the forest preserves was nine per year.
Eighty-three percent of the respondents had also visited an
average of five other sites within the forest preserves during
1979.
When respondents were asked how long they planned to
stay at the interview site, most reported a relatively short
period. Over 53 percent planned to stay an hour or less, 24
percent intended to spend 2 to 3 hours there, and 23 per-
cent were going to stay 4 hours or longer.
Most of the respondents visited the areas in the after-
noons (33 percent). A sizeable number of visitors (11 per-
cent) use the preserves at noon, while 10 percent visit in the
morning. Others use the parks at a combination of times:
mornings and afternoons (9 percent), afternoons and even-
ings (8 percent), noon and afternoons (8 percent), and
mornings, noons, and afternoons (8 percent).
About half the users (46.8 percent) visit on both week-
days and weekends. About one-fourth (26.7 percent) visit
on weekends only, while another one-fourth (26.4 percent)
come on weekdays only. Thus, use of the areas is fairly
evenly divided between weekdays and weekends. Most
come in groups (75 percent) rather than individually. These
groups are made up of friends (53 percent) or family (47
percent) and are usually informal (85 percent) rather than
organized (15 percent).
Robert A. Young is Assistant Professor, and Mary Lou Flowers is Graduate Research Assistant, Department of Forestry,
University of Illinois at Urbana-Champaign. Funds for this study were provided by the USDA Forest Service, North Central
Experiment Station, Chicago, Illinois.
Table 1. Previous Visits to CCFPD in 1978 and 1979
Number
of visits
To the inter-
view site
To other
sites
0-11
12-48
49-103
104-156
157-365
Total
0-5
6-24
25-49
50-75
76 +
Total
'centage of respiynses
1978
55 57
19 24
11 9
4 3
11 5
100 100
1979'
46 57
27 27
7 7
6 3
13 5
100 100
aFrom January, 1979, to interview date (approxi-
mately 7 months).
USERS
By knowing something about the visitors, the manager
of a recreation area often can gain an understanding of their
use patterns and recommendations. It is interesting that the
users of the CCFPD are predominantly male (72 percent of
those interviewed on-site).
Although the users are relatively young, the comments
(discussed later) that too many teenagers frequent the areas
proved unfounded. Only 9.4 percent of the users
interviewed on-site were teenagers. The largest proportion
(34 percent) were in their twenties, with a slightly larger
proportion (17.4 percent) in their early rather than their
late twenties (16.3 percent). The mean age of the users was
32 years.
Users seemed well educated, having had, on an average,
13 years of schooling. Only 3 percent had completed 8
years or less of school, while 86 percent had finished high
school. Twenty-one percent had college degrees, and 8 per-
cent had college credits beyond a bachelor's degree.
The income level of the users indicates a relatively af-
fluent clientele. Less than 10 percent had total household
incomes of less than $10,000 per year, while over 36 per-
cent had household incomes of over $30,000 per year.
Sixty-two of the respondents were employed full time.
Of this number, the following percents of users were in
these occupations: professional/technical (20 percent);
managerial/administrative (14 percent); sales (14 percent);
clerical (14 percent); and crafts (15 percent). Nine percent
of the respondents were full-time homemakers, and 7 per-
cent were full-time students. Eleven percent were employed
part-time, 6 percent were retired, and 4 percent were tem-
porarily unemployed.
Eighty-nine percent of the users interviewed were
white. The cultural backgrounds of these were mainly
German/Austrian/Swiss, Irish, and Polish. Five percent of
the respondents were American blacks and 4 percent
Hispanics.
Somewhat more significant than the demographic vari-
ables are the leisure-time characteristics of the users. This
information might be used in planning work schedules and
ground maintenance. About half the users reported spend-
ing at least one-half or more of their vacations in Cook
County. Ten percent spent their entire vacation in the
county, while 35 percent spent all of it outside the county.
The users' available vacation time is considerable: 36 per-
cent had over 3 weeks of vacation; 20 percent, 3 weeks; and
28 percent, 2 weeks. Most vacations were taken in July and
August (26.5 percent). Other popular times were May and
August (9.2 percent); May and June (6.9 percent); July and
August, and November and December (6.3 percent).
TRAVEL
Seventy percent of the users interviewed said they usu-
ally come directly from home when they visit the CCFPD.
Almost all others (29 percent) started out from their places
of work.
A large number of users (37 percent) traveled two miles
or less from the origin of the journey (usually their homes)
to visit a CCFPD site (Table 2). Sixty-three percent traveled
five miles or less, and only 36 percent traveled more than
five miles.
Since traffic conditions vary considerably near the
CCFPD sites, the distance traveled may not always reflect
the true or entire travel cost. To compensate for this differ-
ence, travel time was also determined, and it indicated that
Table 2. Travel to CCFPD
Distance traveled Percentage of Time traveled Percentage of
(in miles) responden ts (in minutes) respondents
Less than 1/2 12 Less than 4 9
1-2 25 5-10 42
3-5 26 11-15 15
6-9 13 16-30 24
10-14 12 31-45 5
15-20 8 46-60 3
More than 20 3 More than 60 (1 hr.)
Total
1
Total 100 100
the majority of users lived close to the sites they used. Over
half of the users (51 percent) traveled 10 minutes or less to
the sites where they were interviewed; only 9 percent trav-
eled more than 30 minutes. Apparently, users take into
consideration travel costs (indicated by travel distance and
time) when selecting a site. They do not travel long or far
to use the CCFPD.
Most users traveled by private transportation. Over 92
percent came by car or motorcycle to visit the sites. Only 4
percent of those interviewed rode bicycles. Because of the
difficulty in stopping and interviewing visitors on bicycle
trails, however, the number of bicyclists probably appears
smaller than it actually is. Slightly over 3 percent of the
visitors questioned walked to the site. A very small propor-
tion (0.2 percent) used public transportation. When the re-
spondents were asked if they would use public transporta-
tion if available to them, 84 percent said they would not.
Most users, then, live near the sites they use, take their
cars from their homes to the site, and travel less than 15
minutes.
ACTIVITIES
The people who use the forest preserves usually engage
in more than one activity while visiting the area and partici-
pate in several leisure activities when away from the
preserves. When asked during the on-site interviews how
many activities they had planned for that visit, 53 percent
mentioned two, 19 percent mentioned three, and 6 percent
listed four activities.
Most of the activities that the users planned to partici-
pate in were of the less strenuous kind (Table 3). Relaxing
was the activity most frequently mentioned, a fact sugges-
ting that the CCFPD may provide an escape from the hectic
pace of urban life. Picnicking and eating lunch were also
mentioned often as planned activities. Games or sports were
the most popular physical activities reported.
When asked to report the frequency of participation in
leisure activities during the past 12 months, including but
not restricted to the CCFPD, the respondents listed many
activities, again, mostly unstrenuous in character. The most
Table 3. Planned Activities During Interview Visit
Activity Percentage of respondents a
Relaxing
Playing games/sports
Picnicking
Eating lunch
Drinking alcohol
Walking or hiking
Sunbathing
Observing nature
Reading
Walking the dog
36
19
18
16
15
12
8
7
6
5
individuals were requested to list up to four activi-
ties that they planned to participate in during their
visit, hence the total of these percentages is greater
than 100.
often reported activities were working on the lawn, garden,
or around the house, and reading books (42 percent for
each). Forty-one percent hiked or walked for pleasure, 36
percent attended art shows or visited museums, and 38 per-
cent played cards or table games.
Of the physically demanding activities reported, bowl-
ing (29 percent), tennis (23 percent), basketball (20 per-
cent), and racketball or handball (10 percent) were the
most popular. Of outdoor, nature-oriented activities other
than hiking or walking, the most popular were overnight
camping (25 percent) and canoeing (18 percent).
Overall, the most favored activities (working around the
house and reading) were also the most frequent. Eleven
percent of the respondents work around the house, lawn, or
garden daily, and 10 percent read a book every day. Hiking
was also a regular activity; 4 percent reported walking or
hiking daily.
USER SATISFACTION
To determine how the users felt about their visits to the
CCFPD, the questionnaire included several items about the
users' satisfaction with the area—how attractive they found
it, what they found attractive, and also, how they felt the
sites could be made more attractive. Overall, the users
seemed to regard their visits as very agreeable: 95 percent
were satisfied with their visit to the interview site; in fact,
56 percent were very satisfied. Perhaps one reason the
visitors were so pleased is that they found the sites attrac-
tive. Forty-five percent found them very attractive, and 45
percent, somewhat attractive.
The respondents who said they found the sites attrac-
tive were asked what features made the sites appeal to
them. The features mentioned were those that give the sites
their natural open-forest appearance (Table 4). The
trees—the single most mentioned item—were considered a
very important component of the attractiveness. Other
natural features mentioned often were open grassy areas,
bodies of water, forests, and natural surroundings. Evi-
dently the users did not consider solid forests or trees
attractive alone; they preferred sites that include open areas
and waterscapes.
Another attractive feature mentioned often by the users
was "peace and quiet." Although tranquility may be an
outcome or product of the visits and not a feature of the
site, the users believe it to be an important component of
the attractiveness of the sites.
A nonnatural feature that contributed to the attrac-
tiveness of the sites was good maintenance. Though not
inherent in the landscape, it influenced the users' per-
ceptions of the area.
The importance of good maintenance is also evident
from the answer respondents gave when asked what would
make the interview site more attractive. The most common
suggestion was to clean up the litter. Other related sugges-
tions were to improve maintenance of the facilities and
grounds. Respondents also suggested adding facilities,
mainly picnic tables and modern restrooms. Significantly,
many users (21 percent) could not recommend any changes
to make the areas more attractive. Apparently they found
the areas very attractive as they are. Furthermore, users did
-4-
Table 4. Features Mentioned by Respondents to be "Attractive" at Interview Sites
Feature
Trees
Forested areas
Natural surroundings
Bodies of water
Peace and quiet
Good maintenance
Open grassy areas
Order in which mentioned Total times
First Second Third mentioned
Number of respiarises
345 345
84 4 88
61 43 19 123
60 62 12 134
52 48 27 127
46 77 24 147
43 98 2 143
not mention changing landscape features (for example
adding or removing trees, water, or open grassy areas), the
features they thought enhanced the beauty of the sites.
Clearly, users were more satisfied with the landscape than
with the maintenance and facilities.
Of the suggestions made, only installing modern rest-
rooms, planting flowers, and developing playgrounds repre-
sent departures from current district policy. All three sug-
gestions point toward providing more "developed" or
"parklike" surroundings than those currently provided.
USER RECOMMENDATIONS
Several users were content with the facilities and
management and would not recommend any changes. On
the other hand, it must be recognized that the survey
population comprised, for the most part, regular users who
probably would not have returned, given any other choice,
if they were dissatisfied with the management of the
CCFPD. To identify the problems that may keep some
people from using the CCFPD facilities, nonusers would
have to be surveyed.
However, to better understand the needs and desires of
the present users, their suggestions should be considered.
Sixty-three percent said they would make changes in the
operations and maintenance of the CCFPD if they were in
charge. These changes were suggested in order of the
frequency with which they were mentioned:
Increase ranger patrols
Maintain grounds and facilities better
Control "undesirable" users
Increase use hours
Provide more facilities
Enforce existing regulations
Hire responsible people
Several observations may be made from this list of rec-
ommendations. First, the suggestions that more facilities be
added do not rank among the most urgent recommenda-
tions. Second, three of the most frequently mentioned
changes (increasing ranger patrols, controlling "undesir-
able" users, and enforcing regulations) pertain to protection
from other users. This concern is also apparent from the
responses to another question. When asked to describe the
most serious problem the users experienced, the following
were given (in order of frequency mentioned):
Teenagers
Harassment by rangers
Drunks or drug users
Dirty facilities or grounds
Gangs
Closing time
Fear of crime
These "problems" give some clue as to what the users
perceive as a threat: teenagers, drunks and drug users, and
gangs. Other users however, feel harassed by the rangers.
There are probably two groups responding to this
question—those requesting more protection from "undesir-
able" users and those users who believe they are "harassed"
by rangers. Thus the rangers are in a position where they
cannot please either group.
Other "problems" and "changes," however, can be
solved more easily. Many suggest "better ground/facility
maintenance" and list "dirty facilities or grounds" as a
problem. The problems could be remedied without objec-
tion from any group, although they are not considered
major by all users. The problems were, however, mentioned
by those who had had negative experiences at the CCFPD.
SUMMARY AND CONCLUSIONS
The data suggest that most visits to the recreation area
are made by regular users on frequent, short trips. The users
are relatively young, well educated, and affluent. They
generally live near the areas they use, take a car from their
home, and travel less than 15 minutes to a site. Each parti-
cipates in a number of recreational activities both at home
and while visiting the forest preserves. For both locations,
the most popular activities were relatively sedentary ones.
On the whole, users are satisfied with their visits. The
most important source of this satisfaction is the unique
natural landscape provided by the preserves. Visitors valued
the sense of peace and quiet they derived from their visits.
They chiefly recommended improvements or changes in
those things that disturbed their tranquility. Often, the
disturbances related to other visitors. Some users suggested
keeping the natural landscape attractive by reducing litter,
increasing the number of garbage cans, and improving
maintenance.
These latter suggestions seem easier to implement than
those involving perceived conflicts between user groups. It
is possible that the conflicts could be eliminated by
encouraging either intergroup compatibility or intergroup
dispersion.
Compatibility could be promoted by a program of
education in which the first step would be to inform each
group of users of the needs and desires of the other groups.
Offending groups would have to understand that their
behavior could deter others from coming or could reduce
the enjoyment of other users. Finally, it would be necessary
to select some form of motivation that would inspire the
groups to behave in an inoffensive manner.
A program of intergroup dispersion would involve
identifying those features in an area or site that cater to the
needs of a specific group. By designing areas to appeal to
separate groups, managers could channel users according to
their different needs and preferences.
Both of these schemes for reducing intergroup conflicts
would involve additional study to identify group character-
istics, preferences, and needs. An educational program
would, in addition, involve an understanding of the pro-
cesses of attitude change and group motivation.
This study did not explore the reasons why certain
groups rarely visit the urban natural parks. Identifying these
nonusers (nonwhites, females, and the elderly) and the
reasons for their disproportionately low attendance pro-
vides a challenge and a potentially rewarding opportunity
for research and management.
The findings of the study do, however, clarify several
issues and may be helpful to managers of other urban
natural areas. For example, users find open fields with
scattered groves of trees within a forest setting most
attractive and want these kept clean and well maintained.
Managers must realize that this need is more important to
the user than additional facilities. Most importantly, the
study shows that managers must be concerned not only
with the area's physical resources but with the users as well.
Managers should be aware of possible conflicts between
user groups and should actively seek solutions to those
conflicts.
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1982 GREENHOUSE HERBICIDE TRIALS
Wll M uim-CT-SEEDED BLACK LOCUST
T.A. White and G.L. Rolfe
)
ABSTRACT Researchers visualize plantations of
hardwood trees grown specifically for
energy (Steinbeck et al. 1972; Inman et
al. 1977). Fast growing tree species are
established at close spacings and managed
intensively to facilitate frequent har-
vests. Irrigation, fertilization, and
other practices are usually recommended
for energy plantations in order to maxi-
mize yield. Some researchers are now
studying planting techniques for direct
seeding to reduce the costs of establish-
ing high density plantations (White et
al. 1981).
Before woody biomass plantations can
become an economical source of renewable
energy, establishment costs must be re-
duced and weed competition controlled.
Direct seeding eliminates seedling costs,
but weed control is critical. In this
study, 12 chemicals were evaluated for
weed control in direct-seeded black lo-
cust. The major criterion was seedling
vigor, determined by stem weight, percent
survival, and tolerance. Vigor was sig-
nificantly reduced by oryzalin, 2,4-DB,
bentazon, and higher rates of chlorpro-
pham and trifluralin, but not by DCPA,
EPTC, and napropamide. Promising chemi-
cals should be field tested.
Keywords: herbicide, woody plants,
black locust, direct seeding.
The concept of producing clean, renewable
energy from biomass has captured the
imagination of researchers and private
entrepreneurs alike. Wood is an espe-
cially attractive form of biomass because
the crop can be planted on marginal agri-
cultural land and harvested repeatedly
from a single planting. Once harvested,
woody biomass can be converted to a wide
array of useful energy products.
Without effective weed control tech-
niques, however, woody biomass planta-
tions will never be practical. Weeds
compete for moisture, nutrients, and
sunlight, and consequently threaten the
survival and productivity of young seed-
lings. The effectiveness of weed control
measures can often spell the difference
between the success or failure of a plan-
tation.
Weed control research has focused primar-
ily on using chemical or mechanical con-
trol methods with 1-0 seedlings or stem
cuttings (Heilman et al. 1972; Kuntz et
al. 1963; Geyer 1978; Netzer and Noste
T.A. White is Associate Forester and G.L. Rolfe is Professor of Forest Ecology and
Head, Department of Forestry . The authors wish to thank Jean Downes, Mary Kerkove,
and Carrie L. Osborne for their assistance in establishment and data collection for
this work. The project was supported by Mclntire-Stennis project 1-6-56528
.
NOTE: This report summarizes experimental research using pesticides with woody spe-
cies. Mention of chemicals tested in this work does not imply endorsement of these
chemicals by the authors or the University of Illinois nor does it imply labelling
of these materials for the purposes described herein. Herbicides or other pesticides
should always be used in strict accordance with the manufacturer' s label.
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INTRODUCTION
When Illinois was first settled in the
early 1800s, about 40 percent of the land
area was forested. Today, that amount
has been diminished to only 11 percent.
Even though much of the forestland has
been cleared for row crops or developed
for housing, industry, and highway sys-
tems, the state still contains about as
much forestland as the combined land area
of Connecticut and Rhode Island. Unfor-
tunately, many of our remaining forest-
lands are in poor condition because they
have been highgraded or extensively used
for livestock pastures.
Nevertheless, many fine forestlands still
remain, with great potential for use. A
small proportion of these are in public
ownership. The Shawnee National Forest
in the southern third of the state con-
tains 261,570 acres of forestland man-
aged by the USDA Forest Service. In the
northeast part of the state, farsighted
leaders established the Cook County For-
est Preserve System in 1913. This system,
authorized by the Illinois State Legisla-
ture, has enabled the Forest Preserve
District to purchase about 65,000 acres
of forestland, which is widely used by
the Chicago metropolitan area residents.
Other counties in northeast Illinois have
followed suit. In addition, the Illinois
Department of Conservation (IDOC) manages
over 295,738 acres, most of which contain
some tracts of forestland that are man-
aged under the principles of multiple
use. Even so, the vast majority of the
state's forestlands are owned by the
private sector. Current figures indicate
that more than 90 percent of these re-
maining forested lands in Illinois are
privately owned. Many of these forest-
lands are small, often only 5 to 10
acres. As with the public forestlands,
they tend to be in the central and south-
ern part of the state. In addition, the
Mississippi River corridor flanking the
entire western edge of the state is rich
in bottomland hardwood forests, as are
most of the other streams and rivers in
Illinois.
IMPORTANCE OF ILLINOIS FORESTLANDS
Regardless of location, ownership, or
size, Illinois forestlands undeniably
provide a valuable resource that enhances
the quality of life for the state's resi-
dents. The forestlands provide wood
products as well as critical habitats for
both flora and fauna; stabilize stream-
banks against flooding and simultaneously
store floodwaters; effectively trap
nutrient-rich sediments; and provide a
stable habitat for aquatic life.
In addition, millions of visitors use the
forestlands annually. Visitors come for
a variety of reasons ranging from the
need for a change of environment to the
more utilitarian purposes of hunting,
berry-picking or gathering fuelwood for
the winter months. Thus the forestlands
James D. Absher is assistant professor and
Department of Leisure Studies.
Steven W. Anderson is research ass istant
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1978; White et al. 1982). To date, how-
ever, little attention has been given to
the importance of chemical weed control
in biomass plantations established by
direct seeding. Many preemergence chemi-
cals provide control by inhibiting germi-
nation of weed seeds or by killing newly
germinated weed seedlings. Although used
in plantations established with 1-0 seed-
lings, these same chemicals may not nec-
essarily be effective in seeded planta-
tions.
Warmund et al. (1980) tested ten preemer-
gence herbicides with black locust
(Robinia pseudoacacia L. ) and two
other hardwood species. Pending further
investigation, the results suggested that
use of herbicides in direct seedings
might be feasible. The study reported
here stems from this work and from our
own earlier research on the topic (White
and Rolfe 1982).
All treatments were applied with an atom-
izer calibrated to deliver the equivalent
of 280.5 liters per hectare. Preemer-
gence and preplant incorporated applica-
tions were made on June 24. Postemer-
gence treatments were applied on July 19,
when black locust seedlings had four to
five true leaves. Four replications of a
randomized complete block experimental
design were blocked by location within
the greenhouse. All replications were
watered equally throughout the experiment
to provide the equivalent of 2.5 cm of
moisture per week.
All aboveground biomass was harvested
after 90 days. Weeds and black locust
seedlings were separated for each repli-
cate, and the seedlings were counted to
determine the percent survival. Each
component was bagged, labelled, and dried
in forced-air ovens at 70°C until con-
stant weight was achieved.
MATERIALS AND METHODS
A 1:1:1 mixture of topsoil (silt-loam,
approximately 5 percent organic matter),
coarse sand, and milled sphagnum moss was
placed in 3,800 ml plastic pots. Paper
towels covering the drain holes allowed
free water to escape.
Thirty seeds of black locust were sown in
each pot on June 24, 1982. They were
planted either before treatment with pre-
emergence or postemergence herbicides or
immediately following a manually, pre-
plant incorporated application. Three
rows were drilled to a depth of approxi-
mately 0.6 cm and ten seeds were sown in
each row.
We obtained estimates of seedling toler-
ance by means of the weighted-yield meth-
od, described by White and Rolfe (1982).
This technique involves multiplying the
total oven-dried seedling biomass by the
number of surviving stems within each
replicate. The technique thus takes into
account the effect of an herbicide treat-
ment on germination as well as on subse-
quent biomass production.
Data for stem weight, percent survival,
and tolerance were analyzed with the
general, linear-models package of the
Statistical Analysis System (SAS Insti-
tute 1979). Means of individual treat-
ments were compared with Duncan's mul-
tiple range test whenever overall treat-
ment effects were significant (p<0.05).
Twelve weed control chemicals were stud-
ied (Table 1). With one exception, each
herbicide was applied at two rates;
napropamide was applied at three rates.
Two control treatments were used. One
set of controls was weeded by hand
throughout the experiment, while the
other set was allowed to become infested
with weeds. Control pots were not
sprayed with herbicides.
RESULTS AND DISCUSSION
Evaluation of the effects of herbicides
upon the growth and vigor of a desired
plant is confounded by the presence of
weeds in the trial itself because compe-
tition both from herbicides and from
weeds can reduce seedling vitality. We
estimated the effect of weeds on seedling
Table 1, Effects of Various Herbicides Upon Survival, Stem
Weight, and Tolerance of Black Locust Seedlings
Rate of
application Method of Percent Stem
Treatment (kg a.i./ha) treatment
'
survival 2 weight (g) 2 Tolerance 2
Bentazon 0.84 Post 25.0 ef gh 1.2 defgh 9.1 ef gh
1.68 Post 20.8 gh 1.1 efgh 9.9 def gh
Bifenox 1.12 Pre 40.8 abed 2.0 abode 24.5 abc
2.24 Pre 35.0 bedef 2.2 abed 25.1 abc
Chlorpropham 3.36 Pre 32.5 bedef 2.4 abc 23.5 abed
6.76 Pre 5.0 i 0.6 ghi 1.7 h
DCPA 5.61 Pre 25.8 ef gh 2.3 abc 21.3 abedef
11.21 Pre 42.5 ab 2.7 ab 35.1 a
Diphenamid 2.24 Pre 28.3 efgh 1.7 bedef 20.7 abedef
4.48 Pre 31.7 bedef
g
1.6 cdef g 16.8 bedef
g
EPTC 2.24 PPI 35.0 bedef 2.7 ab 29.0 ab
4.48 PPI 41.7 abc 2.8 a 34.3 a
Napropamide 1.12 Pre 43.3 a 2.4 abc 34.5 a
2.24 Pre 40.8 abed 2.8 a 34.1 a
3.36 Pre 30.0 def g 2.4 abc 21.9 abedef
Oryzalin 0.84 PPI 24.2 fgh 1.3 def gh 11.3 cdef gh
1.68 PPI 2.5 i 0.0 i 0.1 h
Pebulate 4.48 PPI 30.8 cdef g 2.3 abc 22.0 abedef
6.73 PPI 34.2 bedef 2.2 abed 23.3 abede
Profluralin 0.84 PPI 30.0 def g 2.9 a 25.6 abc
1.68 PPI 26.7 efgh 2.1 abed 18.0 bedef
Trif luralin 0.56 PPI 35.8 bede 2.6 abc 28.7 ab
1.12 PPI 17.5 h 1.6 cdefg 12.2 cdef gh
2,4-DB 0.56 Post 24.2 fgh 1.0 fghi 3.0 fgh
1.12 Post 24.2 fgh 0.6 hi 4.1 gh
Control, weeded ... • • • 32.5 bedef 2.5 abc 26.8 ab
Control, unweeded ... • • • 34.2 bedef 1.9 abedef 21.2 abedef
^Pre = preemergence: herbicide applied immediately after seeds were sown but before
germination; PPI = preplant incorporated: herbicide applied and incorporated into soil
surface before seeds were sown; Post = postemergence: herbicide applied when black
locust seedlings had four to five true leaves.
2Mean of four replications. Means in the same column with the same letter are not sig-
nificantly different (p<0.05) when analyzed with Duncan's multiple range test.
growth by using two controls. Whereas
stem weight, survival, and tolerance of
the seedlings were numerically lower in
the unweeded compared with the weeded
controls, statistical analyses showed
that these differences were not signifi-
cant. Consequently, in this experiment
it is reasonable to assume that statisti-
cal differences between treatment means
are a function of herbicide effect rather
than weed competition.
The effects of herbicide treatment on
survival, stem weight, and tolerance of
black locust seedlings are reported in
Table 1. Most herbicides did not signif-
icantly affect these variables. DCPA,
EPTC, and napropamide had no significant
effect upon growth and vigor and should
be field tested for weed control capabil-
ities. Bifenox, pebulate, diphenamid,
and the lower rates of chlorpropham and
trifluralin also did not significantly
reduce growth and vigor.
However, some of the herbicides were
detrimental to the seedlings. Signifi-
cant damage was caused by oryzalin, 2,4-
DB, bentazon, and the higher rates of
chlorpropham and trifluralin. Tolerance
to 2,4-DB might have been higher had the
herbicide been applied at a later stage
of growth, as suggested for application
to soybeans (WSSA 1979). Nevertheless,
the postemergence herbicides tested
(namely, 2,4-DB and bentazon) signifi-
cantly reduced growth and vigor of young
black locust seedlings. Further trials
will be needed to fully assess the poten-
tial of postemergence chemicals in di-
rectly seeded bioenergy plantations.
SUMMARY AND CONCLUSIONS
This study reinforces the idea that her-
bicides may be useful with direct seed-
ings of black locust. Additional studies
are needed under field conditions to
evaluate the potential of promising chem-
icals for controlling weed populations
that inhabit a site.
Ultimately, the goal of weed control in
forest stands is to maximize yields by
making soil nutrients and moisture as
available as possible to desired species.
Measuring weed biomass to determine the
effectiveness of weed control is there-
fore largely irrelevant. Ordinarily, of
course, reduction of weed vigor usually
results in higher yields of woody bio-
mass. However, environmental considera-
tions should be included in assessing
weed control.
Given acceptable biomass productivity, it
may be inappropriate to conclude that a
weedless surface is more desirable than
one with some weeds. Depending on the
degree of cover that a woody biomass
species provides, some weediness may be
warranted to protect a site from soil
erosion. Land that is marginal for row-
crop agriculture because of slope or
susceptibility to erosion is a good exam-
ple of the type of site that might bene-
fit from some weediness, at least during
the year of initial establishment. No-
till systems may prove beneficial in
these situations. Weed control studies
encompassing no-till bioenergy systems
might be a valuable source of information
for farmers contemplating energy planta-
tions on marginal lands.
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A TEST OF TOLERANCE: 1982 GREENHOUSE HERBICIDE TRIALS
WITH DIRECT-SEEDED BLACK LOCUST
T.A. White and G.L. Rolfe
ABSTRACT
Before woody biomass plantations can
become an economical source of renewable
energy, establishment costs must be re-
duced and weed competition controlled.
Direct seeding eliminates seedling costs,
but weed control is critical. In this
study, 12 chemicals were evaluated for
weed control in direct-seeded black lo-
cust. The major criterion was seedling
vigor, determined by stem weight, percent
survival, and tolerance. Vigor was sig-
nificantly reduced by oryzalin, 2,4-DB,
bentazon, and higher rates of chlorpro-
pham and trifluralin, but not by DCPA,
EPTC, and napropamide. Promising chemi-
cals should be field tested.
Keywords: herbicide, woody plants,
black locust, direct seeding.
The concept of producing clean, renewable
energy from biomass has captured the
imagination of researchers and private
entrepreneurs alike. Wood is an espe-
cially attractive form of biomass because
the crop can be planted on marginal agri-
cultural land and harvested repeatedly
from a single planting. Once harvested,
woody biomass can be converted to a wide
array of useful energy products.
Researchers visualize plantations of
hardwood trees grown specifically for
energy (Steinbeck et al. 1972; Inman et
al. 1977). Fast growing tree species are
established at close spacings and managed
intensively to facilitate frequent har-
vests. Irrigation, fertilization, and
other practices are usually recommended
for energy plantations in order to maxi-
mize yield. Some researchers are now
studying planting techniques for direct
seeding to reduce the costs of establish-
ing high density plantations (White et
al. 1981).
Without effective weed control tech-
niques, however, woody biomass planta-
tions will never be practical. Weeds
compete for moisture, nutrients, and
sunlight, and consequently threaten the
survival and productivity of young seed-
lings. The effectiveness of weed control
measures can often spell the difference
between the success or failure of a plan-
tation.
Weed control research has focused primar-
ily on using chemical or mechanical con-
trol methods with 1-0 seedlings or stem
cuttings (Heilman et al. 1972; Kuntz et
al. 1963; Geyer 1978; Netzer and Noste
T.A. White is Associate Forester and G.L. Rolfe is Professor of Forest Ecology and
Head, Department of Forestry . The authors wish to thank Jean Downes, Mary Kerkove,
and Carrie L. Osborne for their assistance in establishment and data collection for
this work. The project was supported by Mclntire-Stennis project 1-6-56528
.
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should always be used in strict accordance with the manufacturer's label.
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1978; White et al. 1982). To date, how-
ever, little attention has been given to
the importance of chemical weed control
in biomass plantations established by
direct seeding. Many preemergence chemi-
cals provide control by inhibiting germi-
nation of weed seeds or by killing newly
germinated weed seedlings. Although used
in plantations established with 1-0 seed-
lings, these same chemicals may not nec-
essarily be effective in seeded planta-
tions.
Warmund et al. (1980) tested ten preemer-
gence herbicides with black locust
(Robinia pseudoacacia L. ) and two
other hardwood species. Pending further
investigation, the results suggested that
use of herbicides in direct seedings
might be feasible. The study reported
here stems from this work and from our
own earlier research on the topic (White
and Rolfe 1982).
All treatments were applied with an atom- f
izer calibrated to deliver the equivalent Vf
of 280.5 liters per hectare. Preemer-
gence and preplant incorporated applica-
tions were made on June 24. Postemer-
gence treatments were applied on July 19,
when black locust seedlings had four to
five true leaves. Four replications of a
randomized complete block experimental
design were blocked by location within
the greenhouse. All replications were
watered equally throughout the experiment
to provide the equivalent of 2.5 cm of
moisture per week.
All aboveground biomass was harvested
after 90 days. Weeds and black locust
seedlings were separated for each repli-
cate, and the seedlings were counted to
determine the percent survival. Each
component was bagged, labelled, and dried
in forced-air ovens at 70°C until con-
stant weight was achieved.
MATERIALS AND METHODS
A 1:1:1 mixture of topsoil (silt-loam,
approximately 5 percent organic matter),
coarse sand, and milled sphagnum moss was
placed in 3,800 ml plastic pots. Paper
towels covering the drain holes allowed
free water to escape.
Thirty seeds of black locust were sown in
each pot on June 24, 1982. They were
planted either before treatment with pre-
emergence or postemergence herbicides or
immediately following a manually, pre-
plant incorporated application. Three
rows were drilled to a depth of approxi-
mately 0.6 cm and ten seeds were sown in
each row.
We obtained estimates of seedling toler-
ance by means of the weighted-yield meth-
od, described by White and Rolfe (1982).
This technique involves multiplying the
total oven-dried seedling biomass by the
number of surviving stems within each
replicate. The technique thus takes into
account the effect of an herbicide treat-
ment on germination as well as on subse-
quent biomass production.
Data for stem weight, percent survival,
and tolerance were analyzed with the
general, linear-models package of the
Statistical Analysis System (SAS Insti-
tute 1979). Means of individual treat-
ments were compared with Duncan's mul-
tiple range test whenever overall treat-
ment effects were significant (p<0.05).
Twelve weed control chemicals were stud-
ied (Table 1). With one exception, each
herbicide was applied at two rates;
napropamide was applied at three rates.
Two control treatments were used. One
set of controls was weeded by hand
throughout the experiment, while the
other set was allowed to become infested
with weeds. Control pots were not
sprayed with herbicides.
RESULTS AND DISCUSSION
Evaluation of the effects of herbicides
upon the growth and vigor of a desired
plant is confounded by the presence of
weeds in the trial itself because compe-
tition both from herbicides and from
weeds can reduce seedling vitality. We IM
estimated the effect of weeds on seedling
Table 1, Effects of Various Herbicides Upon Survival, Stem
Weight, and Tolerance of Black Locust Seedlings
Treatment
Rate of
application
(kg a.i./ha)
Method of
treatment 1
Percent
survival 2
Stem
weight (g) 2 Tolerance'
0.84
1.68
1.12
2.24
3.36
6.76
5.61
11.21
2.24
4.48
2.24
4.48
1.12
2.24
3.36
0.84
1.68
4.48
6.73
0.84
1.68
0.56
1.12
0.56
1.12
Bentazon
Bifenox
Chlorpropham
DCPA
Diphenamid
EPTC
Napropamide
Oryzalin
Pebulate
Profluralin
Trif luralin
2,4-DB
Control, weeded
Control, unweeded
-.
'Pre = preemergence: herbicide applied immediately after seeds were sown but before
germination; PPI = preplant incorporated: herbicide applied and incorporated into soil
surface before seeds were sown; Post = postemergence: herbicide applied when black
locust seedlings had four to five true leaves.
2Mean of four replications. Means in the same column with the same letter are not sig-
nificantly different (p<0.05) when analyzed with Duncan's multiple range test.
Post
Post
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
PPI
PPI
Pre
Pre
Pre
PPI
PPI
PPI
PPI
PPI
PPI
PPI
PPI
Post
Post
25.0 efgh 1.2 defgh
20.8 gh 1.1 efgh
2.0 abcde
2.2 abed
2.4 abc
. 6 ghi
2.3 abc
2.7 ab
1.7 bedef
1.6 cdefg
2.7 ab
2.8 a
2.4 abc
2.8 a
2.4 abc
fgh 1.3 defgh
i 0.0 i
40.8 abed
35.0 bedef
32.5 bedef
5.0 i
25.8 efgh
42.5 ab
28.3 efgh
31.7 bedef
g
35.0 bedef
41.7 abc
43.3 a
40.8 abed
30.0 defg
24.2
2.5
9.1 efgh
9.9 defgh
24.5 abc
25.1 abc
23.5 abed
1.7 h
21.3 abedef
35.1 a
20.7 abedef
16.8 bedefg
29.0 ab
34.3 a
34.5 a
34.1 a
21.9 abedef
11.3 cdefgh
0.1 h
30.8 cdefg 2.3 abc 22.0 abedef
34.2 bedef 2.2 abed 23.3 abcde
30.0 defg 2.9 a 25.6 abc
26.7 efgh 2.1 abed 18.0 bedef
35.8 bede 2.6 abc 28.7 ab
17.5 h 1.5 cde«fg 12.2 cdefgh
24.2 fgh 1.0 fghi 8.0 fgh
24.2 fgh 0.6 hi 4.1 gh
32.5 bedef 2.5 abc 26.8 ab
34.2 bedef 1.9 abedef 21.2 abedef
growth by using two controls. Whereas
stem weight, survival, and tolerance of
the seedlings were numerically lower in
the unweeded compared with the weeded
controls, statistical analyses showed
that these differences were not signifi-
cant. Consequently, in this experiment
it is reasonable to assume that statisti-
cal differences between treatment means
are a function of herbicide effect rather
than weed competition.
The effects of herbicide treatment on
survival, stem weight, and tolerance of
black locust seedlings are reported in
Table 1. Most herbicides did not signif-
icantly affect these variables. DCPA,
EPTC, and napropamide had no significant
effect upon growth and vigor and should
be field tested for weed control capabil-
ities. Bifenox, pebulate, diphenamid,
and the lower rates of chlorpropham and
trifluralin also did not significantly
reduce growth and vigor.
However, some of the herbicides were
detrimental to the seedlings. Signifi-
cant damage was caused by oryzalin, 2,4-
DB, bentazon, and the higher rates of
chlorpropham and trifluralin. Tolerance
to 2,4-DB might have been higher had the
herbicide been applied at a later stage
of growth, as suggested for application
to soybeans (WSSA 1979). Nevertheless,
the postemergence herbicides tested
(namely, 2,4-DB and bentazon) signifi-
cantly reduced growth and vigor of young
black locust seedlings. Further trials
will be needed to fully assess the poten-
tial of postemergence chemicals in di-
rectly seeded bioenergy plantations.
SUMMARY AND CONCLUSIONS
This study reinforces the idea that her-
bicides may be useful with direct seed-
ings of black locust. Additional studies
are needed under field conditions to
evaluate the potential of promising chem-
icals for controlling weed populations
that inhabit a site.
Ultimately, the goal of weed control in
forest stands is to maximize yields by
making soil nutrients and moisture as
available as possible to desired species.
Measuring weed biomass to determine the
effectiveness of weed control is there-
fore largely irrelevant. Ordinarily, of
course, reduction of weed vigor usually
results in higher yields of woody bio-
mass. However, environmental considera-
tions should be included in assessing
weed control.
Given acceptable biomass productivity, it
may be inappropriate to conclude that a
weedless surface is more desirable than
one with some weeds. Depending on the
degree of cover that a woody biomass
species provides, some weediness may be
warranted to protect a site from soil
erosion. Land that is marginal for row-
crop agriculture because of slope or
susceptibility to erosion is a good exam-
ple of the type of site that might bene-
fit from some weediness, at least during
the year of initial establishment. No-
till systems may prove beneficial in
these situations. Weed control studies
encompassing no-till bioenergy systems
might be a valuable source of information
for farmers contemplating energy planta-
tions on marginal lands.
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INTRODUCTION
When Illinois was first settled in the
early 1800s, about 40 percent of the land
area was forested. Today, that amount
has been diminished to only 11 percent.
Even though much of the forestland has
been cleared for row crops or developed
for housing, industry, and highway sys-
tems, the state still contains about as
much forestland as the combined land area
of Connecticut and Rhode Island. Unfor-
tunately, many of our remaining forest-
lands are in poor condition because they
have been highgraded or extensively used
for livestock pastures.
Nevertheless, many fine forestlands still
remain, with great potential for use. A
small proportion of these are in public
ownership. The Shawnee National Forest
in the southern third of the state con-
tains 261,570 acres of forestland man-
aged by the USDA Forest Service. In the
northeast part of the state, farsighted
leaders established the Cook County For-
est Preserve System in 1913. This system,
authorized by the Illinois State Legisla-
ture, has enabled the Forest Preserve
District to purchase about 65,000 acres
of forestland, which is widely used by
the Chicago metropolitan area residents.
Other counties in northeast Illinois have
followed suit. In addition, the Illinois
Department of Conservation (IDOC) manages
over 295,738 acres, most of which contain
some tracts of forestland that are man-
aged under the principles of multiple
use. Even so, the vast majority of the
state's forestlands are owned by the
private sector. Current figures indicate
that more than 90 percent of these re-
maining forested lands in Illinois are
privately owned. Many of these forest-
lands are small, often only 5 to 10
acres. As with the public forestlands,
they tend to be in the central and south-
ern part of the state. In addition, the
Mississippi River corridor flanking the
entire western edge of the state is rich
in bottomland hardwood forests, as are
most of the other streams and rivers in
Illinois.
IMPORTANCE OF ILLINOIS FORESTLANDS
Regardless of location, ownership, or
size, Illinois forestlands undeniably
provide a valuable resource that enhances
the quality of life for the state's resi-
dents. The forestlands provide wood
products as well as critical habitats for
both flora and fauna; stabilize stream-
banks against flooding and simultaneously
store floodwaters; effectively trap
nutrient-rich sediments; and provide a
stable habitat for aquatic life.
In addition, millions of visitors use the
forestlands annually. Visitors come for
a variety of reasons ranging from the
need for a change of environment to the
more utilitarian purposes of hunting,
berry-picking or gathering fuelwood for
the winter months. Thus the forestlands
James D. Absher is assistant professor and Steven W. Anderson is research assistant ,
Department of Leisure Studies,
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INTRODUCTION
When Illinois was first settled in the
early 180 0s, about 40 percent of the land
area was forested. Today, that amount
has been diminished to only 11 percent.
Even though much of the forestland has
been cleared for row crops or developed
for housing, industry, and highway sys-
tems, the state still contains about as
much forestland as the combined land area
of Connecticut and Rhode Island. Unfor-
tunately, many of our remaining forest-
lands are in poor condition because they
have been highgraded or extensively used
for livestock pastures.
Nevertheless, many fine forestlands still
remain, with great potential for use. A
small proportion of these are in public
ownership. The Shawnee National Forest
in the southern third of the state con-
tains 261,570 acres of forestland man-
aged by the USDA Forest Service. In the
northeast part of the state, farsighted
leaders established the Cook County For-
est Preserve System in 1913. This system,
authorized by the Illinois State Legisla-
ture, has enabled the Forest Preserve
District to purchase about 65,000 acres
of forestland, which is widely used by
the Chicago metropolitan area residents.
Other counties in northeast Illinois have
followed suit. In addition, the Illinois
Department of Conservation (IDOC) manages
over 295,738 acres, most of which contain
some tracts of forestland that are man-
aged under the principles of multiple
use. Even so, the vast majority of the
state's forestlands are owned by the
private sector. Current figures indicate
that more than 90 percent of these re-
maining forested lands in Illinois are
privately owned. Many of these forest-
lands are small, often only 5 to 10
acres. As with the public forestlands,
they tend to be in the central and south-
ern part of the state. In addition, the
Mississippi River corridor flanking the
entire western edge of the state is rich
in bottomland hardwood forests, as are
most of the other streams and rivers in
Illinois.
IMPORTANCE OF ILLINOIS FORESTLANDS
Regardless of location, ownership, or
size, Illinois forestlands undeniably
provide a valuable resource that enhances
the quality of life for the state's resi-
dents. The forestlands provide wood
products as well as critical habitats for
both flora and fauna; stabilize stream-
banks against flooding and simultaneously
store floodwaters; effectively trap
nutrient-rich sediments; and provide a
stable habitat for aquatic life.
In addition, millions of visitors use the
forestlands annually. Visitors come for
a variety of reasons ranging from the
need for a change of environment to the
more utilitarian purposes of hunting,
berry-picking or gathering fuelwood for
the winter months. Thus the forestlands
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of Illinois are becoming increasingly im-
portant for economic/ recreational/ and
esthetic reasons.
We would be remiss, however, if we dis-
counted the value of forestland for the
jobs or products it can provide. Esti-
mates indicate that for every dollar's
worth of timber harvested, the resulting
product value is approximately $25. Fu-
ture demand for hardwood in the United
States is expected to increase 193 per-
cent by the year 2030. At the same time
the demand for outdoor recreation is ex-
pected to increase substantially. For
example, the number of campers is ex-
pected to increase by 145 percent by the
year 2030. Illinois' s forestlands, then,
can contribute to the state's economy
through traditional forest products (such
as saw logs) and in several other ways.
of the 3,600 distributed. Exactly how
many were distributed to people but not
returned is not known. The 26 percent is
considered an acceptable return rate be-
cause the questionnaire was lengthy, and
there was no follow-up mailing. Use of
the computer allows for cross-tabulation
and statistical analyses of the data.
Thus a data base is available for plan-
ning and decision making as well as for
future reference.
Areas of Concern
The forest-planning team within the IDOC
identified eleven areas of concern that
need to be addressed in the State Forest
Plan. These concerns were reflected in
the questions in the survey instrument.
Each is taken up in turn by this report
in the following order:
FOREST RESOURCES STUDY
Scope and Methods
The Department of Forestry at the Univer-
sity of Illinois, through a cooperative
agreement with the U.S. Forest Service
and the Illinois Department of Conserva-
tion's Division of Forest Resources and
Natural Heritage, embarked on a research
project to gather information from vari-
ous segments of the public on Illinois 's
forestlands. This survey, which was part
of the State Forest Plan, was adminis-
tered in the form of a questionnaire that
asked a total of 72 questions. The ques-
tionnaires were distributed by IDOC per-
sonnel throughout the state. Both for-
estland and nonforestland owners were
targeted. A random sample of the state
was not attempted. Instead, the ques-
tionnaires were distributed to individ-
uals listed as having an interest in
forestry-related matters. A different-
colored questionnaire was distributed
freely to the general public by IDOC per-
sonnel at their offices throughout the
state and again by hand at the Illinois
State Fair. A total of 960 were com-
pleted, with valid questionnaires repre-
senting a completion rate of 26 percent
1
.
Forestland Conversion
2. Natural Heritage
3. Forest Management
4. Wildlife Habitat
5. Recreation
6. Fuelwood
7. Reforestation
8. Forest Protection
9. Urban Forestry
10. Forestland Utilization
11. Information and Education
FORESTLAND CONVERSION
The conversion of forestland refers to
any process by which actual forested
acres are converted to other types of
cover. Forestland conversion is very
important since the conversion process
affects the other ten areas of concern
under discussion.
Because Illinois has a large population
(fifth in the nation), fertile soils, and
a central location, the state is under
severe pressure to convert every possible
forested acre. Unfortunately, in the past,
a short-term approach has been used for
forest utilization. Many homes or indus-
tries have been constructed on former a
forested floodplains. It is unreasonable
"
to argue that we should reconvert factor-
ies to forests, but the continued loss of
forested acres in Illinois is a serious
problem. This problem was addressed by
three statements on the questionnaire
(Table 1).
As shown in Table 1 , all of the groups
responded similarly to statement 1 . We
conclude that conversion of forestland to
residential property is perceived to be a
serious problem. In addition, all groups
favored limiting the amount of land that
should be converted from forest to other
cover types—in this case row crops
(statement 2). This is particularly sig-
nificant because many respondents are
owners of agricultural lands in a predom-
inantly agricultural state.
Respondents listed their preferences of
the ways by which deforestation should be
limited (statement 3). The statement
allowed them to select from one or more
of the following: ( 1 ) voluntary action by
private forestland owners; (2) tax incen-
tives and other economic incentives;
(3) local zoning ordinances to control
private forestland use; (4) statewide
zoning laws to control private forestland
use; (5) other, specified; or (6) no need
for limitations.
The respondents in all categories be-
lieved that some form of tax incentive
should be provided to those who own for-
estland. As one respondent stated, "I
have sold several hundred acres of tim-
berland because land taxes are getting
Table 1 . Forestland Conversion*
Statement
Response
in percent
General Agency and Advisory Involved
public professional panel citizen
1
. The amount of pri-
vate forestland being
cleared for residential
development should be
limited.
Strongly agree
Agree
Disagree
Strongly disagree
53.8
35.5
3.9
1.7
99.9
62.7
30.7
6.5
0.0
99.9
43.4
43.4
8.4
4.9
100.1
50.2
38.4
8.5
2.8
99.9
2. The amount of pri-
vate forestland being
cleared for row crops
should be limited.
Strongly agree
Agree
Disagree
Strongly disagree
45.9
40.1
13.0
1.0
100.0
51.3
38.7
9.3
0.7
100.0
41.5
40.8
12.7
4.9
~99.9
42.7
40.4
13.6
3.3
100.0
3. Preferences for
alternative ways to
limit deforestation
in Illinois. a
aFigures total more
than 100% because re-
spondents could check
more than one response
1 Voluntary action
2 Tax incentives
3 Local zoning
4 State zoning
5 Other
6 No need to limit
41.0
77.6
18.8
32.5
6.5
1.0
177.4
33.1
81.9
25.0
35.0
5.0
0.0
185.0
45.3
80.7
17.3
33.3
6.0
0.7
183.3
42.0
82.7
11.1
16.8
5.8
0.9
159.3
Throughout the report the percentages may not add to 100% exactly.
noted, this is due to rounding errors.
Unless otherwise
prohibitive." Research by Baumgartner
and Beazley (1979) shows that taxes on
forest and associated land are high com-
pared with taxes on cropland/ considering
the income-producing capability of each.
Furthermore, Baumgartner and Beazley
state that "improved assessment in terms
of both uniformity and elimination of
'parcel bias' would be a desirable first
step in improving the tax." It is clear
that Illinois legislators should examine
the present tax structure to consider
forestlands more fully and favorably.
Although all groups felt that some form
of incentive should be provided to halt
"forestland clearing/" very few wanted to
see any new zoning ordinances at the
local level. A substantial minority of
all respondent groups also favored volun-
tary action or statewide zoning. We
conclude that a system that rewards effi-
cient use of forestland by modifying the
tax system and by increasing information
and technical assistance to landowners is
preferred over any form of direct regula-
tion.
NATURAL HERITAGE
The expressed concern about Illinois's
natural heritage focuses on the need to
protect and preserve native ecological
communities/ with special emphasis on
areas with endangered or threatened
plants and animals.
The Department of Conservation recently
funded a four-year / statewide Natural
Areas Inventory project. The inventory
recognized 1,089 natural areas throughout
the state. Since the completion of the
inventory in 1978/ efforts have been made
to protect the remaining natural areas,
but limitations both in land acquisition
money and the number of field personnel
have slowed efforts. Currently, only two
in five natural areas are being pro-
tected. The IDOC has initiated the "Il-
linois Natural Heritage Landmark Program"
to give private landowners recognition.
In addition, IDOC provides these land-
owners with management advice.
Questions on the Forest Plan survey indi-
cate that most people would like more to
be done (Table 2). As two respondents
commented, "Equal emphasis should be
given to private and public development
and protection of native grasslands
(prairies)," and, "I am happy the [road-
sides] are cut less and natural flowers
and plants are allowed to grow."
As evident in Table 2, over 90 percent of
respondents agree or strongly agree that
<
Table 2. Natural Heritage
Statement
Response
in percent
General Agency and Advisory Involved
public professional panel citizen
4. Unique natural
areas on public and
private forest and as-
sociated lands should
be preserved for sci-
entific and education-
al uses.
Strongly agree 56.5 58.0 47.3 47.9
Agree 35.7 38.2 45.3 43.7
Disagree 5.4 3.8 6.1 6.1
Strongly disagree 2.4 0.0 1.4 2.3
100.0 100.0 100.1 100.0
5. The Department of
Conservation should
continue to identify
and protect rare and
endangered plant and
animal species.
Strongly agree 54.6 52.5 59.5 58.7
Agree 40.7 39.9 39.2 39.4
Disagree 3.5 6.3 1.4 1.8
Strongly disagree 1.2 1.3 0.0 0.0
100.0 100.0 100.1 99.9
unique natural areas on public and pri-
vate forest and associated lands should
be preserved for scientific and educa-
tional uses (statement 4).
Statement 5 shows, again, that the over-
whelming majority feel that Illinois's
natural heritage is worthy of study and
protection.
FOREST MANAGEMENT
Forest management is premised on the
belief that with sound stewardship our
remaining forestlands could be more pro-
ductive. Three statements in the ques-
tionnaire dealt with this topic (Table
3). As indicated in statement 6, the
various groups agree that threats to
forests and associated lands should be
checked.
Statement 7 indicates that private land-
owners need tax incentives if they are to
practice forest management. This, of
course, is consistent with the responses
tabulated in the section on land conver-
sion.
The implication is that forestland in
Illinois should no longer be looked upon
as simply idle land that must be subsi-
dized by the corn and soybean acres.
Introducing tax incentives targeted to
forests and sound management practices
may be one way to improve existing for-
estland. For example, to qualify for tax
incentives landowners could be required
to have a management plan for their for-
ested acreage.
Statement 8 indicates that there is still
a consensus among all groups that pro-
fessionals should assist in the planning
process. Nevertheless, the majority of
respondents fell in the "agree" category
rather than the "strongly agree" cate-
gory. A possible reason for this could
be that respondents are aware of budget-
ary contraints and know that although
assistance is desirable, it is not always
immediately available.
Table 3, Forest Management
Statement
Response
in percent
General Agency and Advisory Involved
public professional panel citizen
6. A major goal for
the State of Illinois
should be to protect
forests and associated
lands from insects,
disease, erosion, pol-
lution, and human
abuses.
Strongly agree 54.6 52.5 59.5 58.7
Agree 40.7 39.9 39.2 39.4
Disagree 3.5 6.3 1.4 1.8
Strongly disagree 1.2 1.3 0.0 0.0
100.0 100.0 100.0 99.9
7. Tax incentives need
to be developed for
private forestland
owners, to encourage
forest management prac-
tices.
Strongly agree
Agree
Disagree
Strongly disagree
51.4 56.8 55.0 58.6
39.8 37.0 35.0 35.8
6.5 5.5 8.6 4.2
2.3 0.7 1.4 1.4
100.0 100.0 100.0 100.0
37.8 39.6 35.7 37.1
57.0 54.5 57.4 56.2
3.9 5.2 4.7 5.2
1.3 0.6 2.3 1.4
8. Professional for-
esters should assist
in planning timber har-
vests on private land.
Strongly agree
Agree
Disagree
Strongly disagree
100.0 99.9 100.1 99.9
As mentioned earlier, there are limita-
tions that need to be overcome if Illi-
nois's forests are to come anywhere close
to realizing their potential. Indeed,
Illinois has the potential to grow signi-
ficant quantities of commercially valu-
able species used for veneer. For exam-
ple, Illinois has the proper climate and
growing conditions to produce as much as
one-third of the world's sought-after
black walnut trees. These superior grow-
ing conditions provide Illinois with the
advantage of propagating species that
will retain high market value even when
other species or their products may suf-
fer because of economic flux.
FOREST WILDLIFE HABITAT
Wildlife habitats can be affected through
any manipulation of the forestland re-
source base, which can directly or indi-
rectly affect the viability of wildlife.
The concern for forest habitats is ex-
pressed in Table 4. Statement 9 shows
how the respondents feel about management
for game and nongame wildlife species.
The results indicate that nongame species
of wildlife are just as important to
respondents as game species. Apparently,
nongame considerations should not be
ignored when management decisions are
being formulated.
k
Table 4. Forest Wildlife Habitat
Statement
Response
in percent
General Agency and Advisory Involved
public professional panel citizen
9. Wildlife species
that are not hunted
should receive at
least the same or more
priority as hunted spe-
cies in forest wildlife
management programs.
Strongly agree 44.2 41.3 29.1 35.4
Agree 39.9 41.3 50.7 49.1
Disagree 12.6 14.7 14.2 13.7
Strongly disagree 3.3 2.7 6.1 1.9
100.0 100.0 100.1 100.1
10. The management of
fish and wildlife re-
sources on public for-
estlands should be
given more emphasis.
Strongly agree
Agree
Disagree
Strongly disagree
43.2 41.3 48.1 40.3
47.6 43.5 43.7 51.2
6.8 12.3 8.1 8.0
2.4 2.9 0.0 0.5
100.0 100.0 99.9 100.0
46.1 37.3 44.8 51.0
43.0 51.3 49.0 43.7
9.2 8.7 5.6 4.4
1.8 2.7 0.7 1.0
11. The Department of
Conservation should
spend more money on
technical assistance
programs that encour-
age private forestland
owners to practice
wildlife management.
Strongly agree
Agree
Disagree
Strongly disagree
100.1 100.0 100.1 100.1
12. Buffer (protec-
tive) strips of for-
estland should be
left along permanent
streams when timber
is being harvested
to protect fish and
wildlife habitat.
Strongly agree 77.0 75.5 80.1 74.0
Agree 18.2 21.4 16.4 23.7
Disagree 4.4 2.5 2.7 1.8
Strongly disagree 0.5 0.6 0.7 0.5
100.1 100.0 100.0 100.0
We can conclude from the responses to
statement 10 that fish and wildlife are
important considerations in forest re-
source management. The results imply
that practices such as leaving den trees
in areas to be cut is highly desirable.
Moreover, respondents strongly support
IDOC as a provider of technical and mone-
tary assistance to further management
goals (statement 11).
Responses to statement 12 indicate that
respondents were overwhelmingly in favor
of maintaining buffer zones along streams
for the protection of fish and wildlife
habitats. (Between 74 and 80 percent of
respondents "strongly agreed.")
In addition to providing tree-lined
streams as valuable habitat, these buffer
zones also substantially lower the rate
of soil erosion and improve both soil
productivity and aquatic integrity down-
stream. One-fifth of all the comments
received reflected a concern for the loss
of habitat and the subsequent problem of
erosion. The following comment is repre-
sentative: "Stronger emphasis must be
placed on preserving wildlife and unique
habitats (i.e., prairie lands, marshes,
river areas, etc,)."
FOREST RECREATION
Forest recreation has become an integral
part of American life. Forests provide
their own special environments, which,
increasingly, people enjoy and expect to
have available for use. Not surprising-
ly, forest recreation often competes
economically with commercial uses such as
the manufacture of wood products.
The questionnaire contained three state-
ments relating to forest recreation
(Table 5). Among all groups surveyed, a
majority believe that private lands lack
recreational opportunities (statement
13). This feeling was strongest among
the agency personnel (70.5 percent agree-
ment) and lowest among involved citizens
(56.2 percent agreement).
Table 5. Forest Recreation
Statement
Response
in percent
General Agency and Advisory Involved
public professional panel citizen
13. There is a lack of
recreational opportuni-
ties on private for-
estlands.
Strongly agree
Agree
Disagree
Strongly disagree
20.2 23.8 25.2 15.9
43.1 46.7 42.0 40.3
25.7 22.1 26.1 34.1
11.0 7.4 6.7 9.7
100.0 100.0 100.0 100.0
8.9 8.5 10.2 8.1
29.5 33.3 28.3 28.0
39.5 41.1 38.6 46.8
22.1 17.0 22.8 17.2
14. The Department of
Conservation should
promote the develop-
ment of campgrounds on
private forestland
rather than develop
more state-owned for-
est campgrounds.
15. There is enough
public forestland
currently accessible
for outdoor recre-
ation in Illinois.
Strongly agree
Agree
Disagree
Strongly disagree
100.0 99.9
Strongly agree
Agree
Disagree
Strongly disagree
99.9 100.1
6.6 6.7 4.5 9.8
29.1 21.5 11.3 24.9
30.2 40.0 42.9 39.4
34.1 31.9 41.4 25.9
100.0 100.0 99.9 100.0
Despite the lack of recreational oppor-
tunities on private forestland/ all re-
spondent groups, including the IDOC em-
ployees, felt that the IDOC should not
"promote the development of campgrounds
on private forestland" (see state-
ment 14). The groups that felt most
strongly on this issue were the involved
citizen (64.0 percent) and the general
public (61.6 percent).
Respondents were somewhat split on the
issue of whether or not there is enough
public/ accessible forestland for outdoor
recreation (statement 15). For example,
respondents in the categories ( 1 ) forest-
ry advisory panel and (2) agency and
professional both expressed a strong
belief that Illinois did not have
enough public forestland, whereas respon-
dents in the general public and involved
citizen categories did not feel quite as
strongly about the issue. Thus although
83.3 percent of the advisory panel group
felt that Illinois did not have enough
public land/ only 64.3 percent of the
general public felt the same way. Never-
theless, the percentage of any group
believing that Illinois did not have
enough public lands was always more than
64.3 percent.
It is clear from Table 5 that most re-
spondents do not believe there is
enough forestland (private or public) for
recreational purposes within Illinois.
Even so, it appears that they do not want
funds allocated to the IDOC to be used
for private development. It is likely
that in the future the demand for forest
recreation will increase. The antici-
pated use of our state forestlands must,
additionally, be encouraged and planned
for. As one respondent stated, "In the
past I have gone out of state to hike,
camp, and in general enjoy the outdoors;
with the price of gas I shall be staying
closer to home and hope to find the care
for our environment here."
FUELWOOD
Since the oil embargo years of 1973 and
1979, the reemergence of wood as a source
of fuel has increased significantly.
Rising fuel costs have made wood heat
economically more appealing; in addition,
people now distrust large energy pro-
ducers and delivery systems and want to
be more independent of such systems.
There is widespread concern over the
impact that the current trend will have
on existing forest resources and about
whether long-range plans should promote
the planting of fast-growing tree species
that will enhance economic returns on
investments.
Three statements addressed the subject of
fuelwood (Table 6). Statement 16 con-
cerns the reemergence of wood as a fuel
source and its unknown demand on forest
resources. The responses were as antici-
pated: all groups favor "proper controls
and management." Respondents want to
ensure that overharvesting of fuelwood
does not occur. Although this is not
surprising, respondents also overwhelm-
ingly agree or strongly agree that "the
use of more wood for home heating should
be encouraged to reduce demand for other
energy sources" (statement 17). So the
challenge for management appears to be
one of protecting the resource base while
finding ways to increase the availability
of fuelwood.
Finally, it appears that all groups feel
strongly about managing Illinois' s fuel-
wood resources. The respondents general-
ly want wood to be used for heating
homes, but they have mixed feelings about
providing technical assistance programs
to industries that might be using wood
wastes to save energy costs.
There is much less unanimity of opinion
concerning the use of wood waste for in-
dustrial fuel as a means of reducing
demand for other energy resources (state-
ment 18). Although in each group of
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Table 6. Fuelwood
Statement
Response
in percent
General Agency and Advisory Involved
public professional panel citizen
16. The reemergence of
wood as a fuel has
placed an additional,
unknown demand on for-
est resources. Proper
controls and management
are needed so that
further timber supplies
will not diminish.
Strongly agree
Agree
Disagree
Strongly disagree
59.0
35.1
5.4
0.5
100.0
17. The use of more
wood for home heating
should be encouraged
to reduce demand for
other energy sources.
Strongly agree
Agree
Disagree
Strongly disagree
15,.4
43,.3
30,.3
11,,0
100,,0
36,.9
51,,3
7,,9
3,,8
62.6
32.9
3.9
0.6
100.0
15.9
40.0
32.4
11.7
100.0
57.1
39.5
1.4
2.0
100.0
10,,7
42..0
35,.9
11,,5
100,.1
36,,0
52,,2
8,,1
3,,7
54.4
38.2
6.9
0.5
100.0
13.8
41.9
35.5
8.9
TooTT
18. The use of wood
wastes for industrial
fuel to help reduce
demand for other
energy resources
should be encouraged
through technical
assistance programs.
Strongly agree
Agree
Disagree
Strongly disagree
99.9
48.0
43.2
6.8
2.0
100.0 100.0
38.9
51.0
8.2
1.9
100.0
respondents the majority agree that wood
use should be encouraged as an alternate
energy source/ nowhere is the support
very strong (i.e., over 59 percent).
REFORESTATION
The concern for reforestation is based
on the belief that with proper planning
and superior seedlings, reforestation is
often preferable to other land uses. If
reforested, abandoned surface mine sites
or other lands associated with previously
forested properties amount to a signifi-
cant land area. Beazley estimated that
roughly 9 million acres or 25 percent of
the state land area is forest and associ-
ated land (1979). In addition to the
associated lands, former surface-mined
lands constitute some 150,000 acres that
have the potential for becoming forests.
This potential acreage could more than
double the existing forest resources of
the state. In addition, some experts
believe that before establishing new
forested areas is seriously considered,
steps should be taken to ensure that the
current forest resources are maintained.
Once again the importance of seedlings
and management come into focus. If high-
quality seedlings are not used, forest-
land owners may cut the marketable timber
they have and allow the land to reseed
itself. The "worst-case" scenario in-
volves highgrading of forestland, then
bulldozing the remainder and converting
the land to agricultural property.
Responses to the issue of reforestation
are summarized in Table 7. All groups
responded favorably to the statement that
Table 7. Reforestation
Statement/Question
Response
in percent
General Agency and Advisory Involved
public professional panel citizen
19. The Department of
Conservation should in-
crease funds to develop
and/or locate superior
seed sources for the
two state tree nurser-
ies.
Strongly agree 28.9 33.0 22.7 40.7
Agree 53.5 48.7 62.7 51.2
Disagree 14.5 16.5 14.5 7.0
Strongly disagree 3.1 1.7 0.0 1.2
100.0 99.9 99.9 100.1
20. Have you ordered
seedlings from either
of our two state tree
nurseries in the past
five years?
Yes
No
31.5
68.5
100.0
26.6
73.4
100.0
19.6
80.4
100.0
68.0
32.0
100.0
21. Were sufficient
quantities available
to meet your need?
Yes
No
65.9 70.7 64.3 74.2
34.1 29.3 35.7 25.8
100.0 100.0 100.0 100.0
25.4 43.1 10.7 50.6
60.8 43.9 67.9 37.7
13.8 17.1 17.9 11.0
0.0 4.9 3.9 0.6
22. How would you
rate the quality of
the seedlings you
received?
Excellent
Good
Fair
Poor
100.0 100.0 100.0 99.9 t
the IDOC "should increase funds to devel-
op and/or locate superior seed sources
for the two state tree nurseries." The
involved citizen group expressed the
strongest feelings on the matter, with
91.2 percent agreeing or strongly agree-
ing (statement 19).
The reason the involved citizen respon-
dents feel so strongly about "superior
seed sources" is apparent from their
responses to question 20. Because they
have used the state tree nurseries the
most/ involved citizens feel the most
strongly about the importance of high-
quality seed stock. Of those respondents
who answered "yes" to the question, most
also indicated that sufficient quantities
were available to meet their needs (ques-
tion 21). Note that 74.2 percent of the
involved citizens felt this way. This
group includes those who have ordered
seedlings in the past.
However, between 25.8 and 35.7 percent of
respondents answered in the negative. A
review of the comments suggests that
there may be a twofold problem. First,
many individuals want only a small number
of trees and therefore will not order
from the nursery, where the minimum order
is 250 trees. Comments such as, "Seed-
lings should be available to home owners
in small quantities for their use as long
as [the seedlings are] not resold" (re-
sponses from home owners with city lots )
,
or, "I don't believe people who have 5 to
1 5 acres of land with a house know where
to go to get 20 to 25 trees and shrubs to
use in erosion problems." These comments
imply that using packages of 50 to 100
trees would be desirable. Second, the
state nurseries often sell all of their
seedlings during each planting season.
So, on the one hand people who want large
quantities may not be able to get all
they need and those who want only a few t
10
do not bother to order since they will
receive more than they need. Thus, the
questions of both minimum order size and
distributional efficiency should be stud-
ied further.
For the most part, those who received
seedlings rated their quality as good or
better (78.6 percent or more). Interest-
ingly, both the agency and professional
group and the advisory panel group were
the harshest judges of seed quality, with
responses of 22.0 and 21.5 percent re-
spectively. This indicates that seed-
lings were only fair in quality (question
22). The responses are not surprising
since in these groups expectations may be
somewhat higher than among others. Over
half of the involved citizens rated the
seedlings as excellent.
The responses to question 22, along with
the comments written on the question-
naires, suggest that the overall quality
of state tree nursery seedlings is good.
Smaller quantities probably should be
made available and efforts should con-
tinue to upgrade the nursery stock and
its distribution.
FOREST PROTECTION
Forest protection in the 1980s is more
important than ever before simply because
there are more demands on the forestlands
and more threats to their preservation.
The expanding role of forestlands in pro-
ducing fruits, wood products, soil stabi-
lization, and recreation is intrinsically
linked with the need for protection from
insects, disease, and fire. Newer, but
no less serious are the human-induced
threats to Illinois forestlands: indus-
trial and urban expansion, overgrazing,
overcutting, and excessive use, all of
which are often incompatible with main-
taining forestlands. The data in state-
ment 23 (Table 8) indicate that a majori-
ty of respondents favored IDOC's suppres-
sion of forest and range wildfires.
Table 8, Forest Protection
Statement/Question
Response
in percent
General Agency and Advisory Involved
public professional panel citizen
23. Control of wild-
fires in forests,
fields, and brush
should be considered
a major goal in the
state of Illinois.
Strongly agree
Agree
Disagree
Strongly disagree
30.1
47.3
19.0
3.6
100.0
26,,2
48,,3
23,,5
2,,0
100,,0
70,,9
27,,8
0.,6
0,.6
27,.7
51,,1
19,,9
1,,4
100,.1
72,.4
25,,5
1,.4
0,,7
36.4
46.4
16.3
1.0
TooTi"
24. A buffer (pro-
tective) zone of for-
est cover should be
maintained along
streams where row
crops have encroached
upon the stream bank.
Strongly agree
Agree
Disagree
Strongly disagree
68.6
29.0
1.7
0.7
100.0 99.9 100.0
59.8
34.2
3.7
2.3
100.0
25. Do you think that
timber-harvesting ac-
tivities on public and
private forestland in
Illinois cause signi-
ficant problems with
soil erosion and pol-
lution of lakes and
streams?
Yes
No
74.8
25.2
100.0
74.6
25.4
100.0
83.7
16.3
100.0
77.7
22.3
Too.o
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It should be noted that several respon-
dents commented that the control of all
fires is not warranted since in some
cases it may actually benefit the af-
fected area.
With regard to forest protection, one of
the strongest reactions by all groups was
in response to whether a buffer zone
should be maintained along streams where
row crops have encroached upon the stream
bank (statement 24). Overall/ 97 percent
agreed or strongly agreed that a buffer
zone of forest should be maintained along
stream banks.
Question 25 also deals with the issue of
human-induced activities. However, the
issue is not row crops but timber-
harvesting methods. The reaction to
timber-harvesting activities on public
and private forestland in Illinois is
expressed very strongly (question 25).
Those answering "yes" to this question
were asked to indicate the preferred
method of dealing with soil erosion and
subsequent lake and stream pollution.
Their responses (to statement 26) are
summarized in Table 9. Approximately
half the respondents in each group pre-
ferred incentives, whereas a substantial
majority favored laws that require soil
conservation practices. Therefore,
either financial incentives or laws were
seen as the best choices for changing the
adverse conditions associated with
timber-harvesting practices. Both the
advisory panel and the agency and profes-
sional respondents feel more strongly
about enacting laws than do the other
groups. Yet the indications are that a
sound soil and water conservation program
will require both laws and financial
incentives.
URBAN FORESTRY
The vast majority of Illinois residents
live in or near metropolitan areas.
Therefore, many people were concerned
with the contribution of urban forests to
the "quality of life." Trees add a great
deal of beauty to any city, provide a
buffer against sun and wind, and alter
the microclimate of the city. Proper
Table 9, Preferred Methods for Dealing with Soil Erosion and Water Pollution
Method
(response in General Agency and Advisory Involved
Statement percent) public professional panel citizen
26. If yes to the pre-
vious question (no.
25), which of the fol-
lowing methods of deal-
ing with this problem
do you prefer? (Check
all that you prefer.
)
n
1 • Voluntary 29.9 23.9 25.0 17.6
2. Incentives 46.5 45.5 43.3 54.4
3 • Laws 67.2 76.1 76.0 63.2
4. Other 7.9 4.5 9.6 2.9
151.5 150.0 153.9 138.1
Note: Columns total over 100 percent because respondents could check more than one
response. Items above were worded as follows:
1
• "Voluntary use of soil and water conservation practices daring and after timber-
harvesting operations by loggers and forest landowners."
2. "Provide financial incentives to encourage use of soil and water conservation
practices during and after timber-harvesting operations."
3. "Enact a law that requires use of soil and water conservation practices during and
after timber-harvesting operations by loggers and forest landowners." £
4. "Other (please specify)."
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planting can benefit urban residents by
lowering heating bills some 15 percent
and by cutting cooling costs by 50 per-
cent or more. The importance of urban
forests is expressed in the responses to
statement 27 (Table 10). Over 75 percent
of the agency and professional respon-
dents strongly agreed with the statement.
Overall, between 97.5 and 99.8 percent of
the respondents either agree or strongly
agree with the statement. Whether or not
this benefit should be promoted through
an urban tree care program was the sub-
ject of another question. The data in
statement 28 show a slight drop across
all groups for the agree/strongly agree
ratings. Support is still strong, with
above 88 percent of respondent always in
agreement. Among those who strongly
agreed, the agency and professional group
felt most strongly (52.6 percent) about
upgrading urban tree care programs.
Statement 29 was even more strongly
worded. The support for this statement
was considerable, with 76.5 to 84.1 per-
cent of respondents in agreement. Once
again, the respondents feel that the IDOC
should direct more services toward urban
areas. Between statements 27 and 29,
there was a difference of 21 percent in
opinions (disagreement) expressed by
respondents categorized as general pub-
lic. This suggests that while virtually
everyone in the general public agrees to
the total value of our urban forest re-
sources, a substantial minority (21 per-
cent) feel that IDOC should not increase
services in this area.
The conclusions that can be drawn from
the three statements in Table 10 are that
urban forests are esthetically very
pleasing; that respondents favor upgrad-
ing urban tree care programs; and that
Table 10. Urban Forestry
Statement
Response
in percent
General Agency and Advisory Involved
public professional panel citizen
27. Urban/community for-
est resources enhance
the quality of life in
urban areas.
Strongly agree
Agree
Disagree
Strongly disagree
62.0
35.5
2.3
0.2
100.0
75,,5
23,,3
1,,3
0,,0
100,.1
52,,6
41.,4
4,,6
1,,3
60.7
38.6
0.7
0.0
100.0
55.4
42.2
2.5
0.0
99.9
28. The care of trees
and shrubs in urban
areas should be up-
graded through in-
creased emphasis on
urban tree care pro-
grams .
29. The Illinois Di-
vision of Forest Re-
sources and Natural
Heritage should in-
tensify services di-
rected toward urban/
community forestry.
Strongly agree
Agree
Disagree
Strongly disagree
36.0
52.4
10.3
1.3
100.0
Strongly agree 25.7
Agree 50.8
Disagree 19.3
Strongly disagree 4.2
100.0
99.9
38.4
45.7
10.1
5.8
100.0
37.7
51.4
9.4
1.4
99.9
28.1
53.1
17.2
1.6
100.0
33.3
57.2
7.5
2,0
100.0
19.2
59.3
18.1
3.3
99.9
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they are only slightly less in favor
(overall 70.0 percent) of the IDOC inten-
sifying services directed toward urban-
community forestry.
FORESTLAND UTILIZATION
Forest utilization takes many forms. In
particular, respondents voiced concern
about the importance of providing the
best possible market for wood products. A
good market is important not only for the
landowner but also for those connected to
the forest product industry. Ultimately,
the best possible markets for wood prod-
ucts will help both state and local econ-
omies .
The responses in Table 11 (statements 30
and 31) indicate that respondents felt a
need for improvement in the economic
climate and markets for Illinois timber.
The results further indicate that for
timber products, Illinois forestland
owners have not created an economically
efficient program that could increase
their dollar gains. All groups, from
professional to general public, felt that
markets need to be developed in order to
further develop the forest products in-
dustry in Illinois. This problem is
circular in that forestland owners will
not invest in forested acres if no market
exists, and no market will be created
unless forestland owners invest in that
forestland. Many owners feel that the
most efficient use of the land is to let
nature take its course. They can thus
market what is available, enjoy the other
values of the land, and hope that taxes
stay at an acceptable level. This may be
especially true in Illinois since over
half of the forested acres privately held
are farmer owned. As the results show,
all groups feel that the economic climate
could be better.
There are at least two problems that need
further study so that this situation may
be corrected. First, there are 110,000
landowners. This makes the dissemination
of information a major obstacle (see
section on Information and Education).
Second, even if the economic climate in
Illinois were improved, new harvesting
techniques developed, and high quality
seedlings established, barriers would
remain. It would be hard to get farmers
to divert time to planting trees or un-
dertaking timber stand improvement during
their busy seasons (spring and fall).
INFORMATION AND EDUCATION
The responses in this section suggest
that people do not appreciate and support
programs that they do not understand or
Table 11, Forestland Utilization
Statement
Response
in percent
General Agency and Advisory Involved
public professional panel citizen
30. The economic cli-
mate for forest indus-
tries in Illinois is
forcing those indus-
tries to locate and
acquire timber from
outside the state.
Strongly agree 19.4 28.0 14.8 21.7
Agree 48.7 54.0 63.0 57.8
Disagree 25.0 18.0 22.2 19.3
Strongly disagree 6.9 0.0 0.0 1.2
100.0 100.0 100.0 100.0
31. Improved harvest-
ing techniques and
greater market de-
velopment are needed
to develop Illinois'
s
economic potential
forest resources.
Strongly agree
Agree
Disagree
Strongly disagree
19.4
56.2
17.8
6.6
100.0
24.7
48.4
22.6
4.3
100.0
11.0
61.0
24.4
3.7
100.1
30,,3
55.,2
11,,0
3,,4
99,.9
14
Table 12* Information and Education
Statement
Response
in percent
General Agency and Advisory Involved
public professional panel citizen
32. There is a lack of
public awareness and
education about con-
servation and natural
resource management
practices in Illinois.
Strongly agree 55.2 56.9 55.2 50.9
Agree 40.1 40.5 42.1 43.5
Disagree 4.2 2.6 2.1 4.2
Strongly disagree 0.5 0.0 0.7 1.4
100.0 100.0 100.1 100.0
Strongly agree 59.9 58.9 60.7 51.4
Agree 37.7 39.2 36.7 45.5
Disagree 1.4 1.3 2.0 3.2
Strongly disagree 1.0 0.6 0.7 0.0
33. General conserva-
tion education should
be included in local
school curricula.
100.0 100.0 100.1 100.1
know about (Table 12). Thus more infor-
mation and education programs are needed
to provide a more comprehensive bridge
linking the importance of natural ecosys-
tems, such as forests, to the day-to-day
lives of Illinois residents.
Responses to statement 32 show that the
respondents overwhelmingly feel a lack of
public awareness and education about
conservation and natural resource man-
agement practices in Illinois. How can
there be such a strong need for informa-
tion when so many agencies dealing with
resource management have been in exis-
tence for so long? What can be done to
narrow this apparent information gap? To
answer these questions, it must be under-
stood that most of the natural resource
agencies are primarily linked to row crop
production and that individuals involved
in research do not always have a chance
to deal directly with many landowners.
Hence the duty of making personal contact
with forestland owners has been given to
the Illinois Division of Forest Resources
and Natural Heritage. This is a large
task. The Division has only 21 field
foresters who must cover 102 counties.
The respondents offered several sugges-
tions for ways to help shrink the infor-
mation gap, in addition to employing more
field foresters. Most of the ideas cen-
ter around increased dissemination of
information by way of newspapers, televi-
sion, and radio. More specifically, re-
spondents want to see "how to" articles
and programs. For example, they want to
know how to plant windbreaks or tree spe-
cies that will attract wildlife. They
want to know how to order seedlings and
how to get assistance when they plant.
Finally, some respondents want to be kept
informed of pending legislation that may
affect forestlands in Illinois so they
can become more involved in the public
participation process. Responses to
statement 33 show how the respondents
feel about conservation education in the
local school curricula. The results were
as expected, although the strength of the
support (always above 96.9 percent) is
perhaps surprising. How to achieve such
a goal is not certain. Schools are gen-
erally cutting back on their programs
rather than adding new ones.
There are at the moment some ongoing
projects that will help shrink the infor-
mation gap. For example, the University
of Illinois Department of Forestry has
planned a "user-friendly" package to be
available to landowners, which will in-
clude information on timber rotation
times, markets, land use questions, and
considerations of forest amenities.
Another informational package has been
arranged by the Illinois Division of
15
Forest Resources and Natural Heritage for
school systems. These packages of infor-
mation represent important endeavors that
will, we hope, address the concerns of
many respondents.
forest resources. Although comments did
not show a concern over downed timber,
several respondents expressed disapproval
over the cutting of standing dead trees
that are used by wildlife for nesting,
dens, or food sources.
CONCLUSIONS AND RECOMMENDATIONS
The results of the questionnaire indicate
that respondents believe that the forest-
lands of Illinois are a vital state re-
source; the reasons range from economic
benefits to esthetic appreciation. It is
clear that all groups are aware of the
loss of forestland and believe that both
individuals and government should make an
effort to enhance Illinois's forest re-
sources. There was a call to stop in-
fringement by urban and agricultural
expansion on forestlands.
The concern for forestland was also
linked to the concern for preserving
natural heritage areas and species of
plants and animals within. Respondents
affirmed the importance of sound forest
management and the value of wildlife
habitats. Many comments indicated a deep
commitment to wildlife (both game and
nongame species ) . The comments lead us
to believe that interest in sports hunt-
ing is strong but the availability of
game species and habitat is greatly lim-
ited.
The demand for recreation on forestland
is increasing and will continue to do so.
Dealing with the increasing numbers of
visitors will require more planning since
other competitive pressures on forestland
will also be intensified. It is felt
that the IDOC should purchase more public
forestland but should not promote
the development of campgrounds on private
forestland if this will divert efforts
away from development of public camp-
grounds •
Results imply that the use of fuelwood to
offset demands on current energy sources
is desirable. Increased use of fuelwood,
however, will place an unknown demand on
The interest in reforestation shows that
many respondents are aware that the re-
moval of trees is taking place faster
than the renewal (i.e., sawtimber cutting
exceeded annual growth by 20.4 million
board feet in 1979). Respondents want
the state tree nurseries to locate the
best possible nursery stock and provide
seedlings in smaller quantities. Written
comments expressed a desire for marginal
lands, such as abandoned railroad rights-
of-way or surface mine sites to be for-
ested.
Respondents felt that forest protection
was essential. Forests should be pro-
tected not only against such things as
insects, disease, and fire, but also
against encroachment by human beings.
Activities that would contribute to soil
erosion and to the loss of stream quality
were regarded as very detrimental.
There was almost unanimous agreement that
urban forests contribute to the "quality
of life." An overwhelming percentage of
the respondents also favor upgrading
urban tree care programs and are only
slightly less favorable toward the inten-
sification of the IDOC's services for
urban-community forestry. Respondents
felt that this could best be accomplished
if the IDOC would help provide informa-
tion and planning so that tree species
tolerant of urban conditions (i.e. pol-
lution, space limitations, etc.) are
planted.
The respondents felt that a better eco-
nomic climate and market was needed for
Illinois forest products. Even so, mar-
kets will probably not change unless
lumber is increasingly available. This
means that landowners would have to in-
vest more in their forestlands, something
which they are reluctant to do because,
16
among other things, they expect low re-
turns. At this point the situation takes
on a "catch-22" appearance. The hin-
drance to production may be one of the
most difficult challenges for the state
but it also provides the greatest oppor-
tunity for future forestry improvement.
Such things as tax incentives, summer
labor forces, superior seedlings, and
professionally designed forest management
plans could reverse the "no market, no-
product" status quo.
As always, information and education will
play a significant role if Illinois for-
estlands are to improve. The forestland
owner today can be assisted by informa-
tion on the "how-to" of forestry. In
addition, information on markets, prices,
and phone numbers of bonded timber buyers
could be more readily available.
Information and education is also needed
in the schools so that the importance of
forests is understood by future managers
or landowners. Respondents suggested
more use of the mass media, including
television, newspapers, and radio. It is
worth stating again that respondents
expressed a desire to have more than just
messages that say "protect forests."
Respondents would like to have more tech-
nical and "hands on" information.
surface-mined, areas, road rights-
of-way, etc.
3. Continue research for utilization of
wood products.
4. Inform the public and landowners of
recreation possibilities in Illinois
forestlands.
5. Provide nursery stock in small quan-
tities to enable small landowners to
participate in reforestation pro-
grams .
6. Pass legislation protecting bottom-
land forests from encroachment.
7. Increase the number of field for-
esters.
8. Improve urban forestry programs by
establishing meetings with city
boards or city arboris ts.
9. Study the availability of potential
fuelwood in state lands.
10. Continue research on fast-growing
fuelwood species.
11. Provide adequate recreational facil-
ities on public lands.
The outcome of the survey shows that all
of the eleven areas of concern evoke a
strong response from all groups. Profes-
sionals and lay people alike agree on
most issues and on possible solutions.
From this base of consensus it should be
possible to move forward toward a solu-
tion.
To enlarge our forest resource base and
enhance forestland utilization, in Illi-
nois, we make the following recommenda-
tions :
1 . Improve tax assessment and levying
methods
.
12. Encourage the forestation of margin-
al lands throughout the state, where
feasible.
13. Use mass media to present information
and education materials.
14. Cooperate with U.S. Soil Conserva-
tion Service and other agencies to
promote forest programs to check ero-
sion problems.
15. Cooperate with the Illinois Depart-
ment of Agriculture in detecting and
preventing forest insect and disease
problems.
2. Initiate a state program to up grade
potential forestlands such as former
16. Maintain a statewide effective for-
est and wildfire protection program.
17
There is ample evidence to suggest that, hope the information gathered in this a
as one respondent stated, "Preservation questionnaire will assist in the planningl
of prime forestlands is just as important and decision making of those responsible
as preservation of private farmland." We for the forestlands of Illinois.
THIS PROJECT WAS SUPPORTED BY U.S. FOREST SERVICE COOPERATIVE AGREEMENT 42-363.
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IS THE TOLERANCE OF OAK AND MAPLE SEEDLINGS TO APPLIED ETHANOL
RELATED TO THEIR ABILITY TO TOLERATE LOW SOIL OXYGEN LEVELS?
W.A. Abbott and J,0. Dawson
INTRODUCTION
A review of the theories and observations
concerning the aeration of hydrophytic or
flood-tolerant trees by Hook and co-
workers (1972, 1978) suggests that there
are various means by which trees cope
with oxygen deprivation resulting from
flooding. Some theories and observations
involve the maintenance of aerobic respi-
ration. Oxidized rhizospheres of flooded
tree roots indicate that in some species,
such as many Salix spp., oxygen may be
transported to roots in adequate quan-
tities to maintain growth and metabolism.
Lenticels and intercellular spaces in
cambial ray initials may permit gas ex-
change across the cambium to the xylem.
In sweetgum (Liquidambar styraciflua
L. ) and other trees, aerenchymatous water
roots can be induced upon flooding, thus
providing an avenue for gas exchange.
Hydrophytic trees may also tolerate oxy-
gen deficiency in roots because these
roots are able to survive for some time
without the benefit of aerobic respira-
tion. Under aerobic conditions, pyruvate,
produced at the end of the glycolytic
cycle, is converted to acetyl-CoA and
oxidized in cell mitochondria by way of
the Krebs cycle. However, under anaero-
bic conditions, pyruvate is converted in
the plant cells to ethanol and lactic
acid, which at high concentrations can be
toxic to plants. However, some plants
additionally possess regulatory systems
that prevent production of ethanol and
lactate by reversing the final step of
glycolysis to produce the harmless inter-
mediate compounds malate and succinate.
These substances can readily be metabo-
lized after gas conditions become normal-
ized (Chirkova 1978). Ethanol is known
to accumulate at higher concentrations in
the roots of hydrophytic trees than in
the roots of nonhydrophytic trees (Hook
et al. 1972, 1978), and many flood-
tolerant trees seem to have evolved root
characteristics that tolerate the ethanol
produced in anaerobic respiration. De-
toxification of flood-tolerant plants is
probably achieved by exudation into the
rhizosphere, transport to aerial tissue,
evapotranspiration, and metabolism of the
toxic substrate (Chirkova 1978). If
hydrophytic tree species can tolerate
higher endogenous levels of ethanol in
roots than can nonhydrophytic tree spe-
cies, then perhaps their tolerance to
exogenously applied ethanol may likewise
be higher. Furthermore, tolerance to
ethanol applied to the root system may be
positively correlated with the degree of
hydrophytism of a given tree species.
This tolerance might then serve as an
index of tree survivability on flooded
sites as well as on compacted and paved
urban sites. Chirkova (1978) found that
superficially sterilized roots of rice
and willow remained viable in 1-M solu-
tions of ethanol and lactate in sterile,
distilled water for a considerably longer
time than the roots of wheat and poplar.
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Department of Forestry, University of Illinois at Urbana-Champaign. Research was
supported by USDA Forest Service Cooperative Research Agreement 55-342 and Illinois
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This resistance seemed to be correlated
with a plant's resistance to oxygen defi-
ciency and was increased if the plant was
kept under anaerobic conditions.
The objectives of this research were to
determine if differences in ethanol tol-
erance exist among seedlings of oak and
maple species that are characteristic of
both wet and dry sites, and to determine
if these differences were correlated with
flood tolerance of a tree species.
METHODS
Oak and maple seedlings were obtained
from a commercial nursery during winter
as dormant/ bareroot 2:0 nursery stock.
Flood tolerant species selected were pin
oak (Quercus palustris Muenchh.), silver
maple (Acer saccharinum L. ) , and red
maple (Acer rubrum L. ) . Flood intoler-
ant species selected were red oak (Quer-
cus rubra L. ) and sugar maple (Acer sac-
charum Marsh.). Response of trees to
flooding (Yeager 1949) and tree habitat
were used as a basis for determining
flood tolerance of a species.
Seedlings were transplanted into peat and
perlite in 3-liter containers with drain-
age provided by screened openings in the
bottoms of the containers. Seedlings were
watered alternately with 1/4-strength
Hoagland's solution (Hoagland and Arnon
1950) and distilled water in equal quan-
tities per seedling. Three weeks after
transplanting, the Hoagland' s solution
and distilled water were modified to
yield molar concentrations of 0.0, 0.1,
1.0, and 2.0 ethanol. Twenty seedlings
of each tree species at each ethanol con-
centration were grown for 8 weeks after
initiation of ethanol treatment, begin-
ning in early spring. The 400 seedlings
were arranged in a completely randomized
manner on benches in a greenhouse bay
maintained at temperatures between 20°
and 30 °C with a photoperiod extended to
16 hours by supplemental white fluores-
cent and incandescent lamps. Seedlings
height was measured at the time of seed-
ling transplanting and 1 1 weeks later to
determine growth during treatment. Rela-
tive height growth, expressed as percent-
age of the mean control growth, was com-
pared for each combination of tree spe-
cies and ethanol concentration. The 1-M
ethanol concentration was selected as a
discriminating treatment because it
caused the greatest decline in seedling
growth without causing excessive mortal-
ity when compared with other treatments
(Table 1). Analysis of variance and
Duncan's multiple range test for percen-
tage of surviving seedling growth rela-
tive to controls at 1-M ethanol was per-
formed to determine the statistical sig-
nificance of differences in this variable
among species.
RESULTS AND DISCUSSION
Height growth and survival of tree seed-
lings usually decreased with increasing
ethanol concentration, and flood-tolerant
tree species generally had higher sur-
vival rates and growth rates relative to
controls than flood intolerant tree spe-
cies (Table 1).
Analysis of variance revealed that there
were significant differences among spe-
cies in their growth in 1-M ethanol rela-
tive to controls (Table 2).
Red oak had poor survival regardless of
ethanol treatment, possibly due to poor-
quality seedlings, early bud break and
leaf expansion, or other unknown factors.
If red oak is ignored in the Duncan's
multiple range test, then the only sig-
nificantly different species are flood-
tolerant silver maple and flood-intoler-
ant sugar maple (Table 3).
Red oak, however, tends to have deeper
woody lateral roots (30-40 cm) than many
other tree species (Lyford 1975), and may
therefore be able to tolerate low soil
oxygen levels. So the performance of red
oak in this experiment should not be com-
pletely dismissed as inconsistent with
the theory that ethanol tolerance is pos-
itively correlated with low soil oxygen
tolerance.
)
Table I. Survival and Relative Growth of Tree Seedlings at Various Ethanol
Concentrations
Species of
tree seedling
Ethanol
concentration
(molar)
Number of seedlings
surviving after
ethanol exposure
Percentage of
control growth
achieved by
survivors
Sugar maple
Red maple
Silver maple
Red oak
0.0
0.1
1.0
2.0
0.0
0.1
1.0
2.0
0.0
0.1
1.0
2.0
0.0
0.1
1.0
2.0
)
Pin oak 0,
1,
2,
20*
18
13
9
14
16
10
7
16
14
13
13
6
9
8
7
20
18
19
16
100
42
33
52
100
66
62
48
100
105
65
41
100
243
72
70
100
67
39
40
*The initial number of plants for each treatment and species combination was 20.
Table 2. Analysis of Variance for Mean Percentage of Control
Growth Achieved by Surviving Tree Seedlings Treated
with 1-M Ethanol
Source of
variation
Degrees
of freedom
Mean
square F-value Prob < F
Species
Error
Total
4
58
62
0.357
0.144
2.47 0.05
)
The results of this preliminary experi-
ment are inconclusive but suggest that
ethanol tolerance may possibly be related
to low soil oxygen tolerance of a tree
species. Further research is needed to
establish consistent relationships be-
tween ethanol tolerance and flood toler-
ance in tree seedlings.
Table 3, Differences in Mean Percentage
of Control Growth Achieved by
Surviving Seedlings Treated
with 1-M Ethanol
Mean percentage
Species of control growth n
Red oak 72 a* 8
Silver maple 65 a 13
Red maple 62 a b 10
Pin oak 39 a b 19
Sugar maple 33 b 13
*Species with the same letter following
the mean value for percentage of control
growth are not significantly different
from one another.
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OLIVE AND BLACK ALDER LEAF MULCHES
EASTERN COTTONWOOD IN TWO SOILS
Paul J. Carlson and Jeffrey 0. Dawson
Nitrogen-fixing trees and
shrubs have been shown to increase
growth of associated hardwood trees
in plantations in the midwestern
United States. Trees and shrubs are
less costly to establish than legume
cover crops, and some nitrogen-
fixing nurse trees can be harvested
along with the interplanted tree
crop. Black alder (Alnus glutinosa
(L.) Gaertn.) has been found to
increase growth of hybrid Populus at
close spacings within three years in
northern Wisconsin (Hansen and
Dawson 1982). In southern
Illinois, autumn-olive (E laeagnus
umbellata Thunb
.
) accelerates black
walnut growth ( Juglans nigra L. ) in
comparison with walnut planted alone
(Funk et al . 1979). Both autumn-
olive and alder form root nodules
symbiotically with nitrogen-fixing
actinomycetes of the genus Frankia .
These nurse trees increase
nitrogen available to associated crop
trees through decomposition of leaf
litter and sloughed roots, leaching
of plant tissue, exudation of
nitrogenous compounds by roots, and
by other mechanisms. Nurse crops
also help in the establishment and
early growth of associated tree crops
by shading the soil and reducing wind
speed, thus ameliorating soil
moisture and temperature conditions
(Funk et al . 1979) .
Increased growth of trees
interplanted with nitrogen-fixing
woody plants is most dramatic on
nitrogen-poor sites. However,
interplanting may not provide signi-
ficant benefits on nitrogen-rich
soils such as the prairie-derived
soils found in much of the midwest.
Before installing mixed plantations
of eastern cottonwood ( Populus
deltoides Bartr.) and nitrogen-fixing
nurse crops in central Illinois, we
wanted to assess the effects of leaf
litter from these plants on cotton-
wood growth in a rich prairie soil.
The purpose of this research was
to determine the effects of autumn-
olive, black alder, and eastern
cottonwood leaf litters on early
growth of eastern cottonwood ramets
in a Drummer silty clay loam and in
the same soil mixed with sand and
peat
.
Methods
Cuttings of a single clone of
eastern cottonwood (clone 20 from
Grand Chain, Illinois) were obtained
as dormant laterals from a cutting
orchard at the Union State Tree
Nursery in Jonesboro, Illinois. The
cuttings were nine inches long and
averaged 3/4 inches in diameter. The
cuttings were planted without any
auxin treatment in two different
potting soils in a greenhouse in
Urbana , Illinois. Ramets were grown
for 22 weeks from early April until
early September without artificial
lighting. Temperatures were
maintained close to the ambient
outdoor temperature by use of large
ventilation fans.
Paul J. Carlson is Research Assistant and Jeffrey 0. Dawson is Associate
Professor, Department of Forestry, University of Illinois at Urbana-Champaign.
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Table 1. Mean dry weights of stem and branches of eastern cottonwood after 22
weeks of growth with different leaf litters and soil treatments.
Treatments Mean dry weig;hts (grams)
Litter type Soil type*
none mixed loam 4.712 a**
none loam 5.826 a
Populus mixed loam 6.241 ab
Alnus mixed loam 7.912 be
Populus loam 8.191 cd
Alnus loam 9.434 cd
Elaeagnus loam 9.913 d
Elaeagnus mixed loam 15.878 e
% of control
132
168
140
162
170
337
*loara = Drummer silty clay loam.
mixed loam = 2:1:1 mix of sand: peat: Drummer silty clay loam.
**Mean dry weights with same letter are not significantly different (p<0.05).
Fifty-six pots contained only a
Drummer silty clay loam (a fine-
silty mixed mesic Typic Haploquoll),
which is a fertile, prairie-derived
soil with a 5 to 6% average organic
matter content. Fifty-six additional
pots contained 2:1:1 mixture of sand,
peat
,
and Drummer silty clay loam.
Pots were 8 1/2 inches in diameter
and 8 1/2 inches deep. Three
different leaf litters were applied
to the potted raraets twenty days
after leaf emergence on the rooted
cuttings. The treatments consisted
of either fifty air-dried grams of
cleaned eastern cottonwood leaves,
autumn-olive leaves, or black alder
leaves ground to pass through a one
cm mesh screen, or a control of no
leaf litter.
Five samples of each litter type
were analyzed for total nitrogen
concentration using a micro-Kjeldhal
technique described by Nelson and
Sommers (1973). After application to
pots, each litter was slightly mixed
with the surficial soil to accelerate
decomposition.
Fourteen rooted cuttings were
grown in each soil and litter
combination. Pots were distributed
in a completely randomized manner on
a greenhouse bench and were
rerandomized halfway through the
experiment. The pots were watered as
needed, and no fertilizer was added
to any pot. Trees were harvested by
cutting stems at soil level, and oven
dry weights of stems and twigs were
determined
.
Results and Discussion
A Duncan's multiple range test of
treatment means indicates that there
were significant differences in
Populus growth associated with treat-
ments (Table 1). All mulched treat-
ments, except for Populus litter in
mixed soil, promoted significantly
greater Populus growth than did un-
mulched treatments in both soil
types. Mulches increase soil water
retention by reducing evaporation and
also keep soil temperatures lower.
The litter of nitrogen-fixing
E laeagnus and Alnus consistently
promoted greater growth than did the
Populus litter in both mixed and
unmixed soils. Litter of the
nitrogen-fixing plants is higher in
total nitrogen and probably resulted
in increased Populus growth upon
decomposition and mineralization of
organic N. Elaeagnus litter had a
nitrogen concentration of 32,000
mg/kg dry leaf weight compared with
19,680 for Alnus and 16,940 for
Populus. Elaeagnus litter in each
soil type promoted greater Populus
growth than did Alnus litter.
This difference may be due to the
different nitrogen concentrations in
the two litter types, as well as to
the different morphologies of the
leaf litters involved. The Elaeagnus
litter had 50% greater N
concentration than the Alnus litter.
Additionally, the Elaeagnus litter
was finer and smoother than the Alnus
litter, and it shredded more readily
at sieving than did the coarser Alnus
litter. Consequently it may be that
the Elaeagnus litter more readily
decomposed and released nitrogenous
substances to the soil environment
than did the Alnus litter.
The finding that Elaeagnus leaves
promoted greater growth of the
associated tree species than did
Alnus leaves is consistent with the
findings of Friedrich and Dawson
(unpublished data available from J.
0. Dawson) which showed that heights,
diameters at breast height and soil
nitrogen accretion were all greater
in an Elaeagnus and black walnut
mixed plantation than in an Alnus
and walnut mixed plantation on a
Hayden silt loam in southern
Illinois
.
The silty clay loam generally
promoted greater Populus growth than
did the same soil mixed with sand and
peat. The exception occurred where
Elaeagnus litter was applied to the
mixed soil. Populus growth in this
situation was 75% greater than the
average of growth in all the mulched
loams combined. One might expect the
loamy soil to promote greater growth
due to a higher concentration of
organic matter and, thus, higher
nutrient levels. We speculate that
the mixed soil may have had better
aeration and been more porous,
facilitating decomposition of the
fine, N-rich Elaeagnus litter and
dispersion of mineralized nutrients.
Elaeagnus litter on the silty
clay loam yielded 20% greater overall
Populus growth than that of the
Populus litter on the same soil
suggesting that in t er pi an
t
ing
nitrogen-fixing nurse crops such as
Elaeagnus on relatively fertile
prairie soils may indeed promote
greater Populus growth. This 20%
increase may represent an increase in
Populus growth due to improved
nitrogen fertility apart from other
ameliorative effects of the mulch.
Autumn-olive, because of its
prolific seed crop and shrubby growth
form provides an excellent food
supply and habitat for a variety of
wildlife. However, its seed is
spread rapidly and widely by birds
resulting in many weedy volunteers.
Thus, a note of caution is in order
for managers who might choose autumn-
olive or other nurse crops for use in
mixed tree plantations.
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A SURVEY OF PRIVATE NON-INDUSTRIAL FOREST OWNERS
IN ILLINOIS: A PRELIMINARY REPORT
R. Young, M. Reichenbach, and F. Perkuhn
In 1977, private non-indus-
trial forests (PNIFs) comprised
57.6% of commercial forests in the
United States (USDA, 1982). Thirty-
six percent of the 1976 U.S. soft-
wood production and 77% of hardwood
production came from these private
non-industrial forests, while in the
central states, the percentages were
even higher - 68% of softwood pro-
duction and 95% of hardwood harvests
(USDA, 1982). In Illinois, where
the total commercial forest lands
occupy 10.4% of the total area of
the state, PNIFs accounted for 99.5%
of the commercial forest lands
(USDA, 1977). Because nation-wide
softwood demand is expected to rise
40% by the year 2030 and hardwood
demand is expected to more than
double by that time (Peterson,
1984)
,
there has been considerable
concern about productivity of these
PNIFs, indeed, much of this increase
in demand is expected to occur by
1990, so concern about productivity
is immediate.
Related Research
Since the early 70' s, a num-
ber of studies have been undertaken
to examine productivity on the PNIFs
(Colvin, 1977; Paxton, 1977; Taylor
and Wilkerson, 1977). Such studies
concluded that timber production has
been lower than the land's potential
and that this situation should be
corrected. This conclusion was
followed by studies and reports on
ways to increase production (Barlow,
1980; Bordon, 1979; Cutler, 1979),
and by a number of state and federal
assistance and incentive programs
(largely failures [Beazley and
Holland, 1973]) to increase timber
production.
Many researchers, in studying
their problems
,
have looked at the
characteristics of the PNIF owner.
The results of studies of owner
charac-terist ics and objectives have
varied. For example, in western
Montana , the major reasons for owner-
ship were: because the forests were
part of the farm/ranch (22%), aesthe-
tics (19%), timber production (19%),
and for domestic use (17%). The
average owner was middle-aged, with
13 years of formal school, and with a
rural background (Schuster, 1978).
In Pennsylvania, owners were also
middle-aged, had a high-school educa-
tion, and had owned their land for an
average of 10 years. Small woodlands
(less than 100 acres) were used most-
ly for residences (36%) and for the
satisfaction of owning forests (28%).
The major reasons for owning forests
of 100 to 500 acres were used for
land speculation (31%) and for forest
crop production (30%) (Larsen and
Gansner, 1972). In Mississippi, the
owners tended to be about 45 years
old, to be businessmen (Taylor and
Wilkerson, 1971) and to own less than
100 acres of forest-land (Moak,
1978). Over half of these owners
have no management objectives and
tend to let the timber grow with
culture. The others practice only
minimal timber management (Moak,
1978). In the mid-south, forest
owners report timber income as a
major incentive, followed by produc-
tion of wildlife, and last recreation
(Erickson, 1982). Minnesota land
owners bought forest lands for wild-
life/recreation (25%), to live in
(18%) to farm (15%) and for satisfac-
tion of owning forest land (10%)
(Ellefson, Palm and Lother , 1982).
Investment became a greater incentive
the longer they owned the land and
Study Objectives
One can see from these
regional studies that there is consi-
derable variety in the reasons people
own forest lands. A state-wide for-
est management plan or assistance
program based on a summary of these
surveys would very likely be misdir-
ected and unsuccessful. And since
virtually all of Illinois' timber
production depends on the motivation
of PNIF owners, accurate assessment
of owners' motivation, management
goals, and incentives and barriers in
reaching these goals is imperative.
The existing studies of Illinois PNIF
owners (Beazley and Holland, 1973;
McCurdy and Vitello, 1980; Illinois
Institute of Natural Resources, 1980;
and Illinois Division of Forest Re-
sources and Natural Heritage, 1982)
have used a variety of sampling tech-
niques, have covered various regions
rather than the entire state, but
have not investigated barriers to the
various owner objectives.
As a result, in 1983 a
statewide study was developed at the
Department of Forestry, University of
Illinois at Urbana-Champaign. The
study objectives were:
1) to determine the goals and
objectives of the private
non-industrial forest own-
ers in Illinois,
2) to identify the incentives
and barriers which may
encourage or hinder the
forest owners in regard to
their goals,
3) to determine the underlying
attitudes and beliefs re-
garding their forest land
management objectives,
4) to gather information on
forest resources.
Methodology
In order to meet these objec-
tives, it was necessary to create a
representative, state-wide sample of
PNIF owners. Since there was no list
of forest owners, the USDA - Crop
Reporting Service's (CRS) list of
farm owners and operators was used.
From this list of about 86,000 names,
1748 were randomly chosen to be
screened by telephone to see if they
owned or managed woodlands in
Illinois. Of the 1748 names, 182
could not be reached, 859 did not
have more than one acre of forest-
land, 86 did not want to complete the
survey, and 621 did complete the
questionnaire (87% of those contacted
and who had one acre or more of for-
est land). These 621 PNIF owners
were interviewed by telephone by the
staff of the Survey Research Labora-
tory of the University of Illinois.
Before the final survey was develop-
ed, an eliciting survey on a small
random sample of owners determined
response formats to be used in the
final survey.
Results and Discussion
The results of the survey
showed that about 45% of those con-
tacted have some forest land, but
that the size of these holdings are
fairly small (mean acres 39.4). More
than half of the forest properties
are less than 20 acres in size, only
5% of the respondents own 125 acres
or more. Eighty-one percent of the
forests owned by survey participants
are upland forests, 17% are bottom-
land and 2% are pine plantations.
Half of the respondents have conti-
nuous blocks of woodland and 43% have
separate patches. The rest are wind-
breaks, streamside, or other small
wooded areas.
The owners are largely
farmers (46% reported farming or
agriculture related occupations), 18%
are skilled workers, 9% are profes-
sionals, 6% are laborers, 3% are
owner/ managers, and 12% are retired
or have no other occupation beside
their woodland ownership. However,
it should be noted that the sample,
based as it is on the CRS list of
farm owners and operators, is
likely to have a higher percentage of
farmers than would be found in a list
of all forest landowners. The edu-
cation level of the PNIF owners in
Illinois is somewhat higher than
reported in other regional studies:
although 43% have a high school edu-
cation, 26% have more than 12 years
of schooling and 31% never finished
high school. The respondents are
also older than found in other stu-
dies and relatively affluent; a
total of 58% are over 50, 23% are 40-
50, and 14% are 30-40. Only 8.7%
have a total household income of
under $10,000. Twenty-seven percent
earn $10,000-20,000, almost 20% earn
$20,000-30,000, and 17% earn $30,000-
40,000. More than 27 % of PNIF
owners earn more than $40,000 a year.
The three most important reasons
reported for owning woodlands are:
providing for wildlife habitat, pre-
servation of natural beauty, and
provision of a heritage to pass on to
future generations, with more than
80% of the respondents identifying
these as being somewhat or very im-
portant. The next three most impor-
tant objectives are personal timber
use, family recreation, and hunting,
with half of the respondents listing
these as important. The remaining
objectives - investment, home site,
and income from sale of timber - were
each identified as important by less
than half the respondents. Unlike
studies of the raid-south, income from
the sale of timber is the least im-
portant objective, with more than 80%
showing that objective being unimpor-
tant !
Owners were also asked about
factors which encouraged or discour-
aged them in managing the forest
lands for wood products. An impor-
tant finding is that owners feel
confident in their own ability to
manage their forests. This is per-
ceived by the owners to be an encour-
aging factor, as are: changes in the
number and kinds of wildlife in the
forest, the quality of timber they
own, and the changes in the appear-
ance of the forest. The greatest
barrier is seen as the quality of
logger's work, with 51% saying this
is discouraging, and only 12% saying
that it was encouraging.
Two programs designed to encour-
age timber production seem not to be
achieving that goal. Less than half
(46.5%) of the respondents who were
aware of the program reported govern-
ment assistance programs to be an
encouragement to the management of
their woodlands for timber. Only
32.2% reported the Illinois tax
structure to be an encouragement to
wood production. Also of concern is
the fact that 76% of those surveyed
were unaware of the assistance pro-
grams
,
and 85% were unaware of the
Illinois tax structure, both designed
to encourage timber management.
Also, 83% of the forest owners had
never received professional advice on
the management of their woodlands.
Attitudes and beliefs about
producing timber products were also
interesting - and generally unfavor-
able. Only 36% held favorable atti-
tudes and 17.4% were neutral. (It
was important to evaluate such atti-
tudes and beliefs, since Ajzen and
Fishbein [1980] suggest that atti-
tudes, which are made up of beliefs,
have a great influence on behavior.)
Among the beliefs associated with
producing wood products are: that the
owners' enjoyment of the natural
scenery will be affected (a negative
belief), that the woodland provides
personal firewood (a positive be-
lief), that producing wood products
increases wildlife (a positive be-
lief), and that timber production
disrupts nature and involves damaging
logging practices (negative beliefs).
Changing beliefs such as these, or
changing attitudes, could directly
influence owners' objectives, and
their perceived incentives and bar-
riers about reaching their objec-
tives.
The survey also queried the
influence of social groups on timber
management. When asked how likely it
is that owners' families think they
should manage woodlands for wood
production, 63% said it was unlikely,
and when asked the same question
about the Illinois Department of
Conservation, only 35.8% felt that
the Department was likely to advise
that woodlands be used for timber
production. These two groups (family
and the Illinois Department of
Conservation, only 35.8% felt that
the Department was likely to advise
that woodlands be used for timber
production. These two groups (family
and the Illinois Department of
Conservation) were the most influen-
cial social groups, and could have a
greater influence toward improved
productivity.
Applications
The study points out possibili-
ties for extension and assistance
programs to improve wood production
from PNIFs in Illinois. The atti-
tudes and beliefs, in addition to the
socio/economic characteristics of
woodland owners in this state, are
factors necessary in the design of
such programs. Several findings
could be readily translated into
programs aimed at increasing the
importance of wood production as an
ownership objective. Findings parti-
cularly applicable to new programs
include:
1) The owners 1 confidence in
their own ability to manage
woodlands -information on
harvesting could be in-
creased so owners realize
it is possible to harvest
wood products without
damaging wildlife habitat
and aesthetic value of
woodlands. The study indi-
cates that this would very
likely have a more positive
influence than the present
programs in silviculture
and management.
2) The owners' unawareness of
tax incentives and govern-
ment assistance programs -
better information on these
areas should be
distributed.
3) The owners' negative atti-
tudes toward wood produc-
tion - the study has
pointed out several reme-
dies, possibly accomplished
through programs designed
to change beliefs about the
negative results of log-
ging, and enforce those
beliefs about wood produc-
tion which are already
positively perceived.
Many questions have been left
unanswered, but this study has con-
tributed in a number of ways to the
understanding of the reasons people
do and do not manage their PNIF for
timber in Illinois.
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EFFECTS OF PAST AGRICULTURAL PRACTICES ON THE HEIGHT GROWTH
OF PLANTED SWEETGUM AFTER TWENTY-ONE YEARS
A. R. Gilmore and G. L. Rolfe^
Walters and Gilmore (1976a)
reported that past agricultural
practices affected the first ten
years of growth of planted sweetgum
( L iquidambar s tyrac i f lua L
.
) in
southern Illinois and that trees
growing on areas without claypans
and high in phosphorus made the best
height growth. They suggested that
allelopathic interference by fescue
grass ( Festuca arundinacea ) may also
have been a factor in the reduction
of tree growth. This conclusion was
substantiated by a companion study
where fescue leachates reduced the
dry weight production of sweetgum
seedlings (Walters and Gilmore,
1976b).
The continued effects of past
agricultural practices and fescue
grass on height growth of sweetgum
after twenty-one years are reported
in this paper.
METHODS
Past agricultural practices,
soils, and methods were described in
detail in an earlier paper (Walters
and Gilmore, 1976a). Briefly, the
agricultural treatments from 1912 to
1962 were various combinations of
crop residues, limestone, potash,
rock phosphate, and superphosphate.
Fescue grass was seeded on the east
one-half of the area in 1962 when
agronomic experimentation was
discontinued. Sweetgum seedlings
were planted over the entire area in
1964.
Total height of each tree was
measured after the 1973 growing
season and in early June of 1984.
Statistical differences were
determined by analysis of variance
and randomized block methods.
RESULTS AND DISCUSSION
Total tree heights in 1973 and
1984 were significantly taller on
the west half of the plantation.
Height of trees on the east half was
71% of those on the west half in
1973 and 73% in 1984. Similar
results were found for the growth
rates of the two halves between 1973
and 1984 (49% and 50% on east and
west halves, respectively). These
results clearly demonstrate that
even though total growth is
different between the east and west
halves of the plantation, the rate
of growth during the 21 years of the
plantation has remained almost
constant on each location.
Trees growing on plots that had
been amended with phosphate were
taller in 1973 and 1984 than those
trees on the n o n- ph o s ph a t
e
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^Professors, Department of Forestry, University of Illinois, Urbana-
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application plots. There were
differences in tree heights in 1973
between the plots with varying
phosphate applications but these
differences disappeared by 1984.
Tree height increased 52% and 48%
between 1973-1984 on the phosphate
and non-phos-phate plots,
respectively.
Fescue covered all of the east
half and a small part of the west
half of the plantation in 1973 but
by 1984 fescue had spread over the
entire area. It is reasonable to
assume that a significant part of
the reduction in height between the
two halves in 1983 was due to
allelopathic interference from
fescue. This interference must have
continued after 1973 and undoubtedly
some reduction in the 1984 heights
on both halves could be attributed
to phytotoxins released by fescue.
Part of the reduced growth of
sweetgum on the east half of the
area in 1973 was also attributed to
the presence of a well developed
claypan in the soil below 60cm
(Walters and Gilmore, 1976a). This
pan impeded soil drainage and
created aeration problems which more
than likely accentuated the harmful
effects of phytotoxins exuded from
the fescue. Fisher (1978) and
Gilmore (1984) demonstrated that
phytotoxins are more detrimental to
plants growing on poorly drained
soils than on well drained soils. A
probable reason for this is that on
the poorly drained soils sufficient
oxygen is not available to oxidize
the phytotoxins whereas on better
drained soils, a number of the
phytotoxins are oxidized to non-
toxic forms. It is assumed that
height growth of trees between 1973
and 1984 on the west half was also
impeded by the fescue but probably
not to the extent that height growth
was impeded on the half.
Height of sweetgum in 1984
suggests that a number of factors
affect growth and certain conditions
such as soil drainage likely
influence the allelopathic effects
of fescue. When growth is slowed at
an early age, trees seldom reach the
growth normally attained at a later
age, even if the stress causing the
reduction in growth has been
removed. It is very important that
managers evaluate planting
conditions and take necessary steps
to insure that planted seedlings
will be free from stress which might
cause a reduction in tree growth
during the trees early growth
period
.
Average height of sweetgum in 1973 and 1984
by location and past soil amendments
Plantation
Location
Phosphate Applied
1973 1984
No Phosphate Applied
1973 1984
East Half
West Half
Average
2.16
3.08
2.62
Meters*
6.44 1.89
8.91
7.67
2.62
2.26
5.91
7.92
6.92
*Significant differences between locations and between phosphate and no
phosphate areas ( = .01).
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